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PREFACE to the 2000 EDITION

Thi s manual was devel oped for use by pediatric housestaff as a pocket-sized
guide to the stabilization of potentially ill children. It is not a policy
manual , but offers the devel oping physician one reasonable framework upon
whi ch knowl edge and practice may be built. It is our hope that this manual,
used in conjunction with other sources, will contribute to resident education
and patient care by allowing rapid access to basic principles of the initial

managenent of pediatric patients.

Thi s manual was founded on the efforts of Dr. Jeff Butler and expanded upon
by subsequent editors Drs. Bruce Banwart, Shelley MNair, and Keith Kerr. The
current editor thanks them as well as the many other physicians and support
staff, past and present, who have contributed to this work including: Drs. S.
Berg, J. Brownlee, H Cheu, D. Devoid, J. Doski, K. Dykstra, R Fiser, B.
Foley, A Goins, M Ginmey, R Haws, M Kuskie, R Mdwore, R Mrse, W
Rogers, J. Roscelli, L. Shaffer, and B. WIlson; Ms. V. Miraira, and M. R
Shi ck.

Erica A. Kirsch, M
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ALGORI THVS
Renmenber: Doses of epinephrine given via ETT is 0.1 nmg/kg in children and 0.01
mg/ kg in neonates of the 1:1000 solution (1 ny nax.).
Epi. doses: IV, 10 first dose is 0.01 ng/kg of the 1:10,000 soln.,
second and subsequent doses: 0.1 ng/kg of the 1:1000 soln. (1 ng max.)

BRADYCARDI A

| F SECONDARY TO HYPOXI A AND | SCHEM A OR | N A NEONATE:
100% OXYGEN AND VENTI LATE, CHEST COMPRESSI ONS | F | NDI CATED
EPI NEPHRI NE 0. 01 MG KG |V (1:10,000), REPEAT Q3 - 5 MN. PRN
| F NO RESPONSE CONSI DER | NTUBATI ON AND REPEAT LOW DOSE EPI NEPHRI NE

| F PRI MARY,
100 % OXYGEN AND VENTI LATE, CHEST COMPRESSI ONS | F | NDI CATED
EPI NEPHRI NE 0. 01 MG KG |V (1:10,000), REPEAT Q3 - 5 MN. PRN
| F NO RESPONSE CONSI DER | NTUBATI ON AND REPEAT LOW DOSE EPI NEPHRI NE
ATROPINE 0.02 MG KG MNMIMMOF 0.1 MG (1 CC
REPEAT Q 5 M N. PRN
(MAX. ATROPI NE SINGLE DOSE CHILD: 0.5 MG ADOLESCENT: 1.0 Mg
EXTERNAL PACEMAKER OR EPI NEPHRI NE OR | SOPROTERENCOL DRI P

SUPRAVENTRI CULAR TACHYCARDI A - STABLE

VAGAL MANEUVERS ETC. PER CARDI OLOGY PROBLEMS CHAPTER

SUPRAVENTRI CULAR TACHYCARDI A - UNSTABLE

100 % OXYGEN, VENTI LATE, ANALGESI A/ SEDATION | F TI ME
SYNCHRONI ZED CARDI OVERSI ON, 0.5 - 1.0 JOULES/ KG
(I'F PATIENT IS DI Gl TALI ZED, G VE PRE- CARDI OVERSI ON LI DOCAI NE BOLUS, 1 M& KG
IF IV AVAI LABLE, MAY USE ADENOCSI NE 0.1 M& KG RAPID |V BOLUS,
FOLLOWBY 5 - 10 CC FLUSH(DOUBLE SYRI NGE TECH)
| F NO EFFECT, DOUBLE ADENOCSI NE DOSE ( MAX. SINGLE DOSE: 12 MO
EXPECT TRANSI ENT ASYSTOLE AFTER AN ADENGCSI NE DCSE

ELECTROVECHANI CAL DI SSOCI ATl ON
ALSO CALLED PULSELESS ELECTRI CAL ACTI VI TY (PEA

CPR, CONTI NUE UNTI L PULSE RETURNS
SECURE Al RMAY, 100 % OXYGEN, VENTI LATE
EPI NEPHRI NE 0. 01 M& KG IV (1/10, 000)
REPEAT EPINEPHRINE 0.1 MJ KG IV (1/1000) Q3 - 5 MN. PRN
CONSI DER:  PNEUMOTHORAX, CARDI AC TAMPONADE, HYPOVCLEM A, PULMONARY EMBCLI SM
HYPOTHERM A, SEVERE HYPOXI A OR ACI DCSI S

ASYSTOLE

UNRESPONSI VE, APNEI C, PULSELESS
START CPR; CONTI NUE UNTIL PULSE RETURNS, EXCEPT TO CHECK PULSE
| NTUBATE, 100 % OXYGEN, VENTILATE, START |V
EKG SHOWS ASYSTOLE
EPI NEPHRI NE 0. 01 M& KG IV (1/10, 000)
REPEAT EPINEPHRINE 0.1 MJ KG IV (1/1000) Q3 - 5 MN. PRN



CHECK PULSE
? ATROPI NE; (0.02 M& KG MNMMO.1 MG (1 CCO) 1V)
CONSI DER PACEMAKER

VENTRI CULAR TACHYCARDI A W TH PULSE (UNSTABLE)
100 % OXYGEN, VENTI LATE, ANALGESI A/ SEDATION | F TI ME
CARDI OVERT 0.5 - 1.0 JOULES/ KG SYNCHRONI ZED ( MAY G VE LI DOCAI NE FI RST)

CHECK RHYTHM

| F STILL V-TACH CARDI OVERSION 1.0 - 2.0 JOULES/ KG
CHECK RHYTHM

| F STILL V-TACH CARDI OVERSION 2.0 - 4.0 JOULES/ KG
CHECK RHYTHM

| F STILL V-TACH, | NTUBATE (I F NOT ALREADY DONE), LIDOCAINE 1 M& KG |V PUSH
CARDI OVERT, CHECK RHYTHM
I'F STILL V-TACH, CONSIDER BRETYLIUM 5 M& KG SLOW IV PUSH
CHECK RHYTHM
| F STILL V-TACH, CARDI OVERSI ON

VENTRI CULAR FI BRI LLATI ON & VENTRI CULAR TACHYCARDI A W THOUT PULSE
DEFI BRI LLATE | F READI LY AVAI LABLE. | F NOT SECURE Al RWAY, 100 % OXYGEN,
VENTI LATE
START CPR; CONTI NUE UNTIL PULSE RETURNS, EXCEPT TO CHECK PULSE OR TO SHOCK
EKG SHOWS V-FI B OR V- TACH W THOUT PULSE
DEFI BRI LLATE 2 JOULES/ KG AND CHECK RHYTHM W TH PADDLES QUI CKLY(DO NOT LI FT
PADDLES OFF CHEST)
| F NO RHYTHM DEFI BRI LLATE 4 JOULES/ KG, CHECK RHYTHM W TH PADDLES QUI CKLY
I'F NO RHYTHM DO NOT WAIT TO CHECK PULSE OR DO CPR
DEFI BRI LLATE AGAI N 4 JOULES/ KG
| F NO PULSE CONTI NUE CPR, | NTUBATE (I F NOT ALREADY DONE), START IV
EPI NEPHRI NE 0. 01 ME KG IV (1/10, 000)
DEFI BRI LLATE 4 JOULES/ KG
LI DOCAI NE 1 M& KG |V
| F NO PULSE DEFI BRI LLATE 4 JOULES/ KG, 30 - 60 SEC S AFTER MEDI CATI ONS
CHECK PULSE
(1 F CONVERTS START LI DOCAINE DRI P 20 - 50 MCG KG MN. V)
EPI NEPHRI NE 0.1 MG KG |V (1/1000), REPEAT Q3 - 5 MN. PRN
DEFI BRI LLATE 4 JOULES/ KG
LI DOCAI NE 1 ME KG |V
| F NO PULSE DEFI BRI LLATE 4 JOULES/ KG, 30 - 60 SEC S AFTER MEDI CATI ONS
CHECK PULSE, |F ABSENT EPI NEPHRI NE 0.1 M& KG |V (1/1000); REPEAT Q3 - 5 MN.
DEFI BRI LLATE 4 JOULES/ KG
LI DOCAI NE 1 ME KG |V
DEFI BRI LLATE 4 JOULES/ KG
CONSI DER BRETYLI UM 5 ME KG RAPID |V PUSH
| F NO PULSE DEFI BRI LLATE 4 JOULES/ KG, 30 - 60 SEC S AFTER MEDI CATI ONS
CHECK PULSE
I F NO PULSE, BRETYLIUM 10 M& KG RAPI D |V PUSH
| F NO PULSE DEFI BRI LLATE 4 JOULES/ KG, 30 - 60 SEC S AFTER MEDI CATI ONS
CHEST COWPRESSI ONS | N CPR
(1/3rd - 1/2 the chest dianeter is an alternative depth for conpressions)

Dept h

Neonat e I nf ant Child Adol ./ Adul t
(< 1 nos.) (1 mobs.- 1 yr.) | (1 yr.- 8 yrs.) ( > 8 yrs.)




(i nches) 1/2 - 3/4 1/2 - 1 1- 1.5 1.5 - 2
Rat e at | east
(per mnute) 120 100 100 80 - 100
Conpr essi ons:
Vent il ati ons 3:1 (NRO 5:1 5:1 15: 2
1 finger 1 finger 1 finger 1 finger
Posi tion breadt h bel ow br eadt h bel ow breadt h above breadt h above
nipple line ni pple line xi phoi d notch xi phoi d notch
PEDI ATRI C ADVANCED LI FE SUPPORT
DRUG HOW SUPPLI ED S| NGLE DOSE/ KG MAX. or ADULT DGCSE
ADENOSI NE 3 MF CC 0.1 MG KG = 0.03 CC KG DOUBLE DOSE | F NO
EFFECT, MAX. DOSE
=12 MG
ATROPI NE 0.1 MG CC 0.02 M5 = 0. 2CC KG 0.5 MG =5 CC (CH LD)
(MN 0.1 = 1.0 CC=5 1 MG = 10 CC (ADCOL.)
KG OR UNDER) 2 MG = 20 CC (ADULT)
BRETYLI UM 50 ME CC 5-10 M= 0.1 - 0.2 CC 30 ME KG
CALCI UM-~ CHLORI DE 10% 20 MG = 0.2 CC | NFUSE SLOALY
(el ement al) GLUCONATE 10% 100 MG = 1.0 CC 500-800 MG = 5-8 CC
EP| NEPHRI NE# 1:10, 000 0.01 MG=0.1 CC (IV)
(I'NITI AL 1:10, 000 1.0 MG
1V, 10 0.1 MG = 0.1 CC (ETT)
(0.1 M4 CO), 1: 1000
1: 1000
(ETT, HI CH
DCSE |V, 10O
(1 ME CC
GLUCAGON 1 MJ VIAL OR <10 KG 0.1 MA KG, 1 MG MAX, G VE
10 MG MULTI - >10 KG 1 ME DCSE GLUCGCSE AS NEEDED,
USE VI ALS IV, M SQ FOLLOW DEX' S
GLUCGCSE D25W 0.5- 1.0 GRAM=2 - 4 CC N A
LI DOCAI NE 1% SOLN. 1.0 MG = 0.1 CC 1.0 ME KG, MAX
(10 Md CC) CUMULATI VE = 3 M4 KG
NaHcos* 0.5 R 1 1- 2 MEQ 1.0 MEQ KG
VEQ CC
NAL OXONE" 0.4 M& CC 0.1 MG = 0.25 CC > 5 YRS. OR > 20 KG
1.0 MJ CC 0.1 MG=0.1CC USE 2.0 MG
VOLUNME LR, NS, 5% ALB. 20 CC/ KG N A

1. DO NOT d VE CACL PERI PHERALLY UNLESS AN EMERGENCY.

2. #0.1 - 0.2 MJKG OF 1/1000 EPI

i F I NFI LTRATES USE WYASE.

AS SECOND DOSE FOR PULSELESS ARRESTS

3. * IF BASE DEFICI T KNOMN BY ABG MEQ S of BICARB = (BASE DEF. X 0.3 X KG/2



4.

A UNLESS USI NG FOR UNKNOMWN COVA, Tl TRATE THE DOSE BASED ON CLI NI CAL STATUS.

REVERSI NG

PAI' N MEDI CATI ON TOO QUI CKLY COULD CREATE A PAIN CRI SI S.

5. ETT DRUGS: (NAVEL) -

6. VEI GHT ESTI MATES: TERM NEVBCRN

6
1
4
10

6. ETT SIZE - internal

I NFANT/ CHI LD < 2 yrs :
(16 + age in yrs)/4 or (age in yrs/4) + 4

CHLD > 2 yrs :

NALOXONE, ATRCPINE, VALIUM EPI.,

LI DOCAI NE

3.5 KG Bl RTHVE GHT (BW
MOS. OLD 7.0 KG 2 X BW
YEAR QLD 10 K6 3 X BW
YEAR QLD 16 KG  1/4 ADULT (70 KO
YEAR OLD 35 KG  1/2 ADULT (70 KOG

di ameter (ID) in mm

4.0, or 4.5, or 5.0 ETT

ESTI MATED DI STANCE (cn): ALWAYS GET A CXR

NEONATE: 1 kg =7 cm 2 kg =8cm 3 kg=9cm 4k

I NFANT OR CH LD: ETT

= 10 cm

9
= 10.5 cn)

IDX 3 (eg. 3.5 ETT = 3.5 X 3

PEDI ATRI C ADVANCED LI FE SUPPORT

IV DOSE
DRUG PEDI ATRIC M X (ALL I N D5W RANGE & COMMENTS
DOPAM NE 6 MG x W (KG IN 100 CC 1.0 - 20 MCGE KG M N
40 MG CC 1 COHR = 1 MCG K@ M N
DOBUTAM NE 6 MG x W (KG IN 100 CC 1.0 - 20 MCGE KG M N
25 MG CC 1 COHR = 1 MCG/ K@ M N
| SOPROTERENOL 0.6 MG x WI (KG IN 100 CC 0.1 - 1.0 MG KG M N
0.2 ME CC (1:5000) 1 CC/HR = 0.1 MCGE KG M N HR NOT TO EXCEED 180
EPI NEPHRI NE / 0.6 MG x WI (KG IN 100 CC 0.1 - 1.0 MG KG M N
NOREP! . 1 COHR = 0.1 MCG/ K@ M N HR NOT TO EXCEED 180
1.0 MJ CC (1: 1000)
NI TROPRUSSI DE 6 MG x W (KG IN 100 CC 0.5 - 4.0 MCGE KG M N
10 MF CC 1 COHR = 1 MCG/ K@ M N PHOTOSENSI TI VE, COVER
BOTTLE
LI DOCAI NE 60 MG x WI (KG IN 100 CC 20 - 50 MCE KG@ M N
2% = 20 MF CC 2 CC/HR = 20 MCG/ KG M N BOLUS FIRST (1 ME KG)
MAY NEED TO REDUCE DOSE
| F HEPATI C DYSFUNCTI ON.
FOLLOW LEVELS.
PGE1 0.6 MG x WI (KG IN 100 CC .05-0.2 MCG KG M N
500 MCG CC 1 COHR = 0.1 MCG/ K@ M N HYPOTENSI ON, APNEA

ALTERNATE METHODS TO

M X DRI PS BASED ON WVEI GHT | N KI LOGRAMS:

((6 X KG X DESI RED DOSE (MCG/ KG M N))/

MG P

| NFUSI ON RATE ( CC/ HR)
ER 100 CC OF SOLUTI ON



APPROACH TO ACI D BASE PROBLEMsS

Bl ood Gas Anal ysis--Rules To Live By:

1)

2)

Is there ACI DEM A or ALKALEM A

a. Alkalem a and Acidem a refer only to the net pH of blood, and do not
descri be the process that led to the alteration of the pH

Aci demic pH < 7.35

Al kal emi a pH >7. 45

b. Whatever side of 7.4 the pHis on, the process that caused it to
shift to that side is the primary abnormality. The body does not fully
conpensate for primary acid base disorders. After this step one should
search for the underlying primary disorder. Wat processes, netabolic or
respiratory brought the pHto either side of 7.4.

Identify abnormalities in PCQ2.

a. ldentify whether the PCO2 is normal, inappropriate, and whether there
is a respiratory acidosis or alkalosis (i.e. the CO2 could be in the
normal range but is the patient tachypneic and is CO2 i nappropriately

hi gh) .

For acute increases in PCO2 of 10 nmHg there should be a rise of 0.08
in the pH



For acute decreases in PCO2 of 10 mm Hg there should be a fall of 0.08
in the pH

b. Wnter's rule states that the last 2 digits of pH greater than 7
predicts the PCO2 in a conpensatory respiratory alkalosis in a patient
with a primary acidosis. So if a patient has a netabolic acidosis, say
pH 7.25, one should expect a PCO2 of 25. If the CO2 is higher, than the
patient is not having an appropriate conpensation, suggesting
respiratory dysfunction.

c. At this point one should deci de whether the change in pH could be
expl ai ned by your PCQ2. If not, consider ordering a set of electrolytes
to review the causes for a netabolic acidosis. One would eval uate the
bi carbonate | evel (on the ABG the Bicarbonate level is a calcul ated

val ue not a true val ue).

In addition, evaluating the anion gap can direct you toward the cause
for an acidosis.

3) If pH change is appropriate for PCO2 change go to the eval uation of
oxygenati on.

4) I dentify abnornmalities in bicarbonate.
a. Normal bicarbonate is 22-24
If the value is lower than 22, there is a netabolic acidosis.

If the value is higher than 24, then there is a netabolic al kal osis.

b. Metabolic Acidosis is commopnly divided into anion gap and nonani on
gap acidosis. |If the Bicarbonate value is | ess than 22 one nust
calculate the anion gap; if the anion gap is greater than 17, it
suggests ani onic gap acidosis.

Normal Anion Gap 12 +/- 2. If AG > 17, a netabolic acidosis is probably
present. Anion Gap acidosis differential is remenbered by stating this
antonym CAT MJDPI LES. C for cyanide or carbon nonoxi de, A for alcohol
T for toluene, Mfor nmethanol, U for urema, D for DKA, P for

par al dehyde, | for iron and isoniazid, L for lactic acidosis, E for

et hyl ene glycol, and S for strycnine. The body does not generate a

| arge ani on gap to conpensate even for a chronic al kal osis. For each
decrease in serum bi carbonate there should be an equal rise in the AG

c. Calculate the excess anion gap. The excess anion gap = total anion
gap mnus the normal anion gap (12 mmol per liter). Add the excess anion
gap to the neasured bicarbonate concentration; if the sumis greater
than a normal serum bicarbonate (> 30 mmol per liter) there is an
underlying netabolic alkalosis; if the sumis |ess than a nornal

bi carbonate (< 23) there is an underlying nonanion gap netabolic



acidosis (.i.e. 1 mmol of bicarbonate titrates 1 nmol of acid titrates
which forms Na acid which is a unmeasured cation which increases the
anion gap). |If the value is not less than 23 or greater than 30 the no
addi ti onal process is going on.

d. If there is no anion gap but the bicarbonate is low, a urinary anion
gap can help differentiate renal vs. gut as |oss of bicarbonate. (Na +
K)- Cl-correlates with ammoni um excretion. As amoni um excretion

i ncreases the urinary gap narrows. So with diarrhea (gap is negative),
ammoni um excretion uni npaired and increases with acidosis. Wth RTA (gap
is positive) the gap widens since they have lost the ability to absorb
bi carb and form amoni um

5) Assessnent of Oxygenation
Pal®2 of < 60 and Saturation < 90 is hypoxi a.

A-a gradient is inportant to evaluate. One can estimate the Alveolar O2 by
mul tiplying 5 X the Fi Q2.

Al veolar Q2 = (760-47)FIO2 - PCQ2/.8 or 5 X FI Q2.

If the predicted PaQ2 is nuch different than the true PaO®2 than further

eval uation for causes should be done. The main | esson here is to understand
that by | ooking at the ABG one can assess if there is an inappropriate Fi Q2
requirenent. Normally the A-a is < 60 - 100. If it is larger the ability of
the patient to oxygenate is conprom sed.

6) Venous Bl ood Gas

In patients with normal cardiac output, central venous pH is |ower than
arterial by an average of 0.03 units, with venous PCO2 bei ng hi gher by about 6
mm Hg. Wth severe circulatory failure, the pHdiffers by 0.1 unit with pCO2
difference of 24. Wth a cardiopul nronary arrest, a venous bl ood gas could have
a pH difference of 0.35 and a CO2 difference of 56 when conpared to an
arterial blood gas.






ANAPHYLAXI S

I. Definition/Pathophysi ol ogy

A systemic reaction (usually life-threatening) that occurs secondary to an IgE
medi at ed anti gen induced reaction (allergen) or exposure to mast cel
degranul ati ng agents (anaphylactoid). Both reactions cause nedi ator rel ease
(hi stam ne, |eukotrienes, PAF, etc.) which produce the synptons. While there
is often a history of prior exposure to a given antigen, in the non-IgE
nmedi at ed (anaphyl actoi d) reactions, synptons may occur during the first
exposur e.

I1. dinical Course
A.  Synptons usually occur within seconds to 60 min. of Ag exposure.

B. Variable: Initial synptons may be nmild or life threatening.
Cenerally, the earlier the onset, the nore severe the reaction.

C. Symptoms - cutaneous (urticarial/angi oedemn, pruritus), respiratory
(bronchospasm stridor, pulnonary edenm, |aryngeal edemm), rhinitis,
cardi ovascul ar (hypotension, arrhythm as, myocardial ischem a, vaso-
dilation, flushing), gastrointestinal (nausea, enesis, diarrhea, pain),
asynmetric swelling of a linmb or perioral area.

1. Mst Common Etiol ogic Agents

A. Antibiotics (for instance penicillin, although any could be
i nvol ved)
B. Insect (hymenoptera) stings

C. Foods (nuts, eggs, seafood)

D. | munot her apy

E. Non-1gE (Anaphyl actoid) nedi ated mast cell degranul ation
1. Morphine
2. Codei ne
3. Pol ynyxins
4. Radi ocontrast dye

V. Risk Factors:
A. Personal history of previous allergic reaction.
B. Positive skin test.

C. Sick patient on nultiple medications.



V.

Ther apy

1. Establish airway if significant conpronise.

2. May need intubation or trach. if no relief with epi

3. Oxygen if respiratory distress or hypotension.

Stop antigen adnministration - if insect bite or allergy shot,
ate antigen site with tourniquets and inject 0.01 cc/kg epi
000) SQinto site after tourniquet applied. Flick off (do not

2. SQor IMO0.01 cc/kg of 1:1000 sol'n, max 0.3 cc, nay repeat

3. Rarely IV 1:10,000 by drip and titrate to achieve response, begin

at drip of 0.1 ncg/kg/min (only in refractory hypotension requiring

I mediate IV placement with | VF (LR/'NS, bolus 20 cc/ kg as needed for

Continue to observe for 24 hrs, as synptons may recur

2. Objective: stridor, retractions, wheezing, cyanosis, pallor

3. BP: g 5-10mninitially, then g 1 hr

4. Continuous EKG nonitor or A-line as needed.

A. ABC s
B
i sol
(1:1
squeeze) any stinger present.
C. Epi nephrine:
1. Mainstay of treatnent
CPR) .
D.
shock) .
E
1. Subjective: SOB, anxiety.
F.

Gt her drugs as needed (NOT a substitute for epi.).
1. Hl Antihistamine - Benadryl 0.5-1.0 ng/kg po or slow |V push.

2. Steroids - 1-2 ng/ kg net hyl predni sol one to prevent | ate phase
response.

3. Cinetidine IV 5-10 ng/ kg given over 5 min - given in association
with HL antihi stam nes nmay reverse profound hypotensi on unresponsive
to fluids/pressors (this is controversial).

4. ducagon nmay be effective in reversing hypotension in rare cases,

especially if beta-blockade is present. (Dose: < 10 kg: 0.1ng/kg I M
> 10 kg: 1 ng/dose I M.

10



G For cardiorespiratory arrest, continue with BCLS/ ACLS al gorithns.
VI. Differential diagnosis includes:

A, Insulin reaction

B. Vasovagal syncope

C. Arrhythnm as

D. Hereditary angi oedena

11



A

BI TES AND STI NGS

Mechani snms of | njury

Children may be at increased risk for severe reactions to stings and

envenomati ons due to an increased dose of venom per kg.

B. There are several nechanisnms for the toxic effects of bites and
stings:
1. Immunol ogic, including IgE nmediated anaphyl axis and serum
si ckness (Ab-Ag conpl ex).
2. Henmotoxic
3. Neurotoxic
C. Most venons are toxic due to a conbination of the above factors

Il. Purveyors of Venom

A

Snakes

Several different types of snakes nust be differentiated due to the
varying effects of their venons.

1. Pit Vipers

a. These account for the mpjority of significant envenomati ons
in the United States. Included are

(1). Rattlesnakes (60%

(2). Water noccasins:
a. Copperheads (30%
b. Cottonnouths (10%

b. Many rattlesnake bites are provoked and thus involve the
upper extrenties

c. Pit viper venomis voluntarily injected by venom gl and
contraction. It generally contains digestive enzynes. Dependi ng
on the species there may be other conponents. The Mj ave

rattl esnake makes Mpjave "toxin", a neurotoxin which nay lead to
paralysis and respiratory arrest. There nmay be varying
henot oxi ns whi ch profoundly decrease platelet and clotting
factors.

d. Treat nent

(1). First Aid Managenent



- Initiate BLS as necessary (ABCs)

- Mwve the patient to a health care facility as rapidly
as possible

- Mnimze nmovenment of an affected extremity and keep
the extremity below the I evel of the heart

- Avoid ice, aspirin (coagul opathies possible), alcoho
or sedatives

- Tourni quets not universally recommended; although
constriction band in experienced hands may be useful
when incision and suction are indicated or a |ong
transport anticipated.

(2). Incision and Suction
These shoul d be considered only if:

- Patient is nmore than one hour froma nedica
facility

- You have carefully considered the anatony of the
underlying area

- It has been less than 5-10 m nutes since
envenomati on

The preferred nethod is suction with an extractor. |If
unavai l abl e, use of the nouth is acceptable. The only
i ncisions to be made are extensions of a fang nark,
and no nore than 1 cmlong and 0.5 cm deep. DO NOT
MAKE AN X SHAPED CROSS I NCI SI ON, and al ways keep in

m nd underlying structures.

(3). Tourniquets

A varying portion of venom esp. rattlesnake, may be
absorbed via the |Iymphatic system Gven this, if a nedica
facility is not nearby (WIN 1 HOUR), a LICGHT, w de
constricting band may be placed around an extrenmity. Use of
a tourniquet is a controversial topic. A BP cuff at 15-20
mmHg i s adequate. O herwi se the band should be w de and two
fingers able to pass freely under it. The band should be
ti ght enough to occlude Iynmphatic flow but | oose enough to
pal pate pul ses distal to the bite. If swelling occurs,

pl ace a second tourni quet above the first one before renova
of the first band. Before this is done it is reconmended
that 2 I1V's are in place, fluid resuscitation is underway,
and the antitoxin is given. At the trunk renove the | ast
band. This will prevent a sudden release of venominto the
systenic circul ation.
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e.

(4). Hospital Managenent

- History of evenomation, PMH, previous snakebites and
treat nent

- The initial presentation of a snakebite victimnmay
correlate poorly with subsequent outcome. Following a
maj or envenomati on a patient may devel op profound
circulatory shock. Hypotension is a late

mani festation of this. ASSESS VITAL SIGNS. (bserve
for tachycardia, tachypnea, poor perfusion, alteration
in consciousness. Circunferential nmeasurenents of the
bitten extremity should be performed every 15 - 20

m nutes to serve as an indication of the progression
of the evenomation. Mike two neasurenents - at the
envenomation site and 5 - 10 cm above the |esion

- When unknown, assune any snake may be involved in a
snakebite case. Do not trust reports of amateur
herpetol ogists. It is doubtful he/she will know the
di fference between a Mjave rattl esnake and a
rattl esnake with [ ess potent venom
- Labs
(a). PT, PTT, Fibrinogen, Fibrin Split Products
(b). CBC, Platelets, blood for type and cross
(c). Lytes, BUN, Cr, CPK, glucose
(d). UA
(e). Skin testing for hypersensitivity to horse
serum shoul d be done only if it is known that
antivenin will be adninistered

St agi ng

In approximately 10-20% of known rattl esnake strikes, no
venomis released and only a fang mark will be present.

A staging system hel ps to provide a general schene for

i ntervention. Renenber though, that what appears to be a
m ni mal envenomati on may devel op severe mani festations.
(1). No envenonation or

(2). MId Envenonation

A fang mark is surrounded by edema and tissue necrosis, but

these are confined to the i medi ate segnent of the extremty
involved. No systenic effects are present.
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(3). Moderate Envenonation:

A fang mark is present and surrounded by tissue breakdown

i ncl udi ng edenma, bullae, and/or henorrhagi c bl ebs extending
beyond the i medi ate area of the bite but not involving the
entire extremty. No |ife threatening systemic effects are
seen.

(4). Severe Envenonation:

A fang mark is present with obvious tissue breakdown,

i ncl udi ng edenm, bullae, and/or henorrhagic bl ebs. Tissue
ecchynoses involving an entire extremty or systenmic effects
such as tachycardi a, hypotension, poor perfusion, alteration
in mentation or |lab data showi ng coagul opat hy or nuscle
breakdown are present.

(5). Bites on the thorax or head/ neck are all assuned to

be severe. Early intubation should be considered for these
patients as respiratory conprom se is frequent.

f. Basic Therapy

(1). dean the wound area and admi nister tetanus
prophyl axi s

(2). Do q 15 minute neasurenents (circunferentials) of the
i nvol ved extremty

(3). Use acetani nophen or mild opiates (codeine) for relief
of pain

(4). Al children, severity of bite aside, will be observed
for 24 hours

(5). Establish rapid IV access and support shock as
necessary with fluid and pressors

(6). Consider antivenin for noderate to severe
envenomations (antivenin is nost effective within the first
12 hours after the bite, antivenin is not indicated after 24
hours). Prior to initiation of antivenin therapy, volune
expand with a 20 cc/kg fluid bolus, unless contraindicated
by preexisting nedical condition

(7). Antibiotics are controversial but may be appropriate
esp. in dirty wounds.

g. Use of Antivenin
(1). For North Anerican pit vipers (Crotalidae), the only

approved antivenin is the polyvalent Crotalidae antivenin
(Weth). It is active against all pit vipers, as well as



t he Bushmaster, Fer de Lance and Manushi

(2). This is a horse derived product and has significant
ri sk for anaphyl axis and serum sickness. Obtain consent
prior to use. The anaphylactic reactions are not all |gE
medi at ed and may occur on first exposure. Adm nister
antivenin slowy.

(3). Prior to use attenpt to ensure cardi ovascul ar
stability by correcting hypovol enia and usi ng pressors as
needed. During adm nistration, continually nmonitor for
changes in CV status. Do not shake the vials when mxed with
fluid; stir themonly by rocking in your hands - gently back
and forth.

(4). After the decision is made to use antivenin, skin
test, using an intradermal injection of antivenin. This is
done by injecting 0.02 cc of saline diluted horse serum
intradermally with observation for at least 20 - 30 m nutes
for the devel opment of erythemn, hives, pruritis or other
adverse effects. If positive, the patient should be
pretreated with benadryl and steroids prior to

adm nistration. A negative skin test does not nean no risk
for anaphylaxis exists. Never skin test nmild or non-
venonous bites "just in case we need to use antivenin.'
may sensitize the patient to horse proteins.

You

(5). Administration of antivenin is done in five vial
aliquot increments. Moderate bites require an average of

10 vials of antivenin. In severe envenonati ons, as many

as thirty vials of antivenin have been adm nistered to halt
synpt om progressi on. For children, many experts recomend
that the dose of antivenin be increased by 50 % because of a
hi gher ratio of venomto body mass.

(6). Reconstituted antivenin is diluted with NS or D5SWin a
1:4 to 1:5 dilution. [Infuse antivenin slowy and if
tolerated after 20 m nutes increase the infusion to 1-5
vials/hr. Goal is to give entire antivenin dose within the
first 4-6 hours to bind the venom and prevent further
toxicity.5 vials are place in 125 m for children | ess than
10 kg and in a bag of 250 m for children over 10 kg. |nfuse
at 1 m per hour initially, then increase to deliver 1 vial
per hour.

(7). Infusion of one to two vials per hour is appropriate
to minimze the side effects seen at higher infusion rates.
MId reactions (pruritus, urticaria etc.) can be treated
with benadryl. Wth serious reactions consider D/ Cing
antivenin and treat with epinephrine SQ (0.01 cc/kg 1:1000
max 0.3-0.5 cc)

(8). After a five vial infusion, assess for changes in
swel ling, necrosis or systemic signs. |f uninproved or
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wor seni ng admini ster five nmore vials.

(9). Serum sickness is alnopst universal in children and may
occur up to 10 days post infusion. Parents should be
informed of this |ikely occurrence.

h. Oher Therapy

(1). If required use FFP for vol une repl acenent
(2). It is unusual for active bleeding to occur
(3). Have a low threshold for intubation of a patient with

a synptomatic neck bhite
i. Controversies

(1). Wde fasciotonies of swollen extrenities are not
beneficial. Conpartmental pressures may be neasured in
concerning situations, but it is rare that an increase
occurs which requires fasciotony. Consult orthopedics.

(2). Steroids are useful only in managi ng anaphyl axi s or
hypersensitivity to antivenin.

Cor al Snakes

a. Are in the sane fanily as the cobra and the manba. The red
on yellow are venonous (red on yellow - kill a fellow) as opposed
to the non-venomous red on black (red on black - venom | ack).
Signi ficant species are the Eastern and Western coral snakes.

b. Synptomatic bites are largely neurologic in their effect.
Local hypesthesia may occur with changes in consci ousness, nuscle
weakness, fasciculations and paralysis. Respiratory failure my
ensue.

c. Lab work is not a reliable indicator of venom effects.

d. It is uncertain if venomeffects can be reversed after onset
of synptoms. Therefore, early treatnent with antivenin (M crurus
antivenin, by Weth) is recommended (3-5 vials repeat as needed
for signs of toxicity). Superficial scratches may not nean
envenomation. A significant envenomation is usually

heral ded by | ocal hypesthesia. A clear bite mark breaking the
skin is serious.

e. Use sane rules for antivenin adm nistration as above.
Nonvenonmous Snhakes

a. My cause |ocal reaction due to digestive enzynes

Non- i ndi genous Snakes
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C.

a. A wide variety of exotic snakes are illegally inported, nany
poi sonous.

b. The Arizona Poison Center (602-626-6016) keeps genera
inventory of antivenins nmaintained in zoos and hospitals

t hroughout the country. The San Di ego Zoo al so has nany
antivenins available (619-231-1515). The San Antoni o Zoo stocks
some exotic snake antivenins (734-7183). WHMC |V pharnmacy
carries coral snake and pit viper antivenins and BAMC carries
others (916-6638)

Scor pi ons

1. In general only the southwestern desert scorpion (Centruoides)
produces nortality. The venomis a neurotoxin and primarily affects
the autonom c and skel etal neuromuscul ar system Classically
envenomati on | eaves no significant |ocal effect, but produces a
tingling sensation which may progress up the extremty. Young
children nmay devel op fascicul ations, agitation, opisthotonus or

sei zures.

2. Therapy

a. MIld envenonations may be treated with cool conpresses and
m | d anal gesics.

b. Severe Envenomation
(1). Basic supportive care: |Increased parasynpathetic tone
may give increased secretions and | oss of bul bar tone.
Foll ow for airway conprom se. Severe tachyarrhythn as may
occur. These are best treated with propranolol slow IV 0.01

- 0.1 mg/ kg over 5-10 minutes. Intubation nay becone
necessary.
(2). Establish a firmdiagnosis and consi der

sepsis/nmeningitis prior to a primary diagnosis of scorpion
sting, especially with an unverifiable story.

(3). If synptons are severe, an unlicensed antivenin is
available in Arizona for the Centruoi des species. Use the
Ari zona poi son control numnber.

Hymenoptera Stings

The toxicity of ant, bee, and wasp stings is related primarily to
their ability to produce anaphyl actic and hypersensitivity reactions,
Up to 80% of fatalities occur in individuals with no prior history of
sensitivity. See anaphylaxis chapter. Fire ants deserve specia
consideration as its venomdiffers fromvenom of other hynenoptera.
Fire ant venomhas a direct toxic effect on nost all menbranes. The
fire ant bites with its jaws then inflicts rmultiple stings which

| eave an i medi ate wheal and flare which nmay develop into the classic
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whi te-cl oudy pustul e, surrounded by painful erythema. System c
reacti ons can occur as with other hynenoptera.

1. Therapy

a. Local - Cool conpresses and soap and water cleansing
The pustule of the fire ant sting is usually sterile, so there is
no need for antibiotic creans or ointments.

b. Systenmic - Benadryl 5 ng/kg/day divided g 6 hours prn itching
or swelling.

c. Treat anaphylaxis as outlined in anaphyl axis chapter.

Spi der s

Al'l spiders possess venom Highly toxic venomis linted to a few
species. In North Anmerican two nmejor patterns of bites occur, one
associated with the black widow, the other with necrotizing spider
bites (primarily associated with the brown recluse). Both live in
Texas

1. Black Wdow Spider

a. The female of the species delivers venom It is a mxture of
pol ypeptides that includes a neurotoxin that stinulates
myoneural junctions, nerves and nerve endings.

b. Favorite locations are noist, dark areas away from sunli ght

c. Signs and Synptons
- Local pain with progression up an extremty.

- Increased motor tone with nuscle spasmthat may
generalize. This may be very prom nent over the abdonmen and
m mc an acute abdonmen. Nausea and voniting are often
reported in children. Usually nornmal bowel sounds and x-

rays.
- Di aphoresis, tachycardia, and periorbital edena.

- 4-5%nortality rate with death resulting from
cardi ovascul ar coll apse. The nortality rate in young
children may be as high as 50 %

- Labs may show an increased CPK, also | eukocytosis and
hyper gl ycem a due to increased synpathetic tone.

d. Therapy

- Majority of cases are nild and resolve over 24 hours with
m | d anal gesi a.
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- Young children are nore seriously affected. Thus use of
antivenin should be instituted in any child presenting with
severe pain and nuscle rigidity after a spider bite.

- Assess vitals (ABCs)

Establish IV access

- Rule out other infectious and surgical conditions

- Severe nuscle spasmnmay be treated, in an |ICU setting,
with diazepam (0.1 ng/kg 1V). Calciumgluconate 10% sol n.
(0.1 cc/kg/dose IV slowy) can al so be given for control of
| eg and abdoni nal cranps. Both of these agents are variably
ef fective and short-1Iived.

- I npaired di aphragmatic excursion due to nmuscle spasm may
necessitate intubation and ventilation

- For severe envenomations a horse serum antivenin is

avail able (from Merck, Sharp and Done). Method of
preparation, adm nistration and cautions are simlar to
those for pit viper antivenin. The only difference is use
of one vial in preparing the initial antivenin drip with
addi tional vials added in one vial increments. One vial for
children < 40 kg. The use of antivenin is controversial

- The venom produces snooth nuscle contraction, and the
uterus is very sensitive. The result of a bite in a
pregnant wonen nay be spontaneous abortion. Antivenin
shoul d be adm nistered early in the pregnant patient.

Necroti zi ng Spi ders

a. The brown recluse (Loxosceles reclusa) is nost conmon in
t he Sout heast and Mdwest U S. There are several species of
Loxoscel es in the Southwest.

b. The venomof reclusa is extrenmely potent on a ng/kg
basis. It contains nmultiple proteolytic enzymes and is
cyt ot oxi c.

c. Classically patients present with a target |ike skin

Il esion with a blackened necrotic center. Typically the
patient is unaware an envenonmati on has occurred until an

i ndurated area with a small vesicul ated center devel ops.
This ruptures and becones a dark, necrotic area. This area
may increase in size with continued necrosis for periods up
to weeks. Then contraction of the wound with involution
occurs.

- Systenmic reactions are nmore common in young children and
are usually seen 24-48 hours after the bite and include
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fever, chills, malaise, nausea, vomting, weakness or pain,
rash, and renal failure.

d. There are case reports of henolysis and DIC like
syndromes associated with these bites. It is prudent to
screen for these (CBC, PT/PTT, fibrinogen, and urine for
henogl obi n) .

e. Therapy

- Good |l ocal wound care and debri denent

Tet anus prophyl axi s

- Consider treating intravascular hemolysis with
steroids (controversiall)

- There are many suggested therapi es of unproven and
guesti onabl e val ue, these include |ocal injection of
phent ol am ne, dapsone and steroids. Wde excision
seens unnecessary in view of the regression of these
bites naturally into a smaller, final cosnmetic |esion.
However, excision and debridenent of necrotic areas >
2 cmin diameter with antibiotic coverage is
appropriate if the wound is being seen in the first 48
hours. For necrotic areas > 2.5 cmin dianeter skin
grafting may be necessary. Early invol vement of our
pl astic surgery and pediatric surgery consultants is
advi sed.

- Work is presently being done on the devel opnent of an
antivenin.
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CARDI OLOGY PROBLEMS

General approach to dysrhythnm as:

A, First, rule out artifacts:
1. Flat line can be due to a | oose or detached lead. If you are
using the defibrillator monitor the “paddles” lead will be flat and
may be the default | ead when the defibrillator is turned on. Check

the defibrillator set-up.

2. Tall T-waves may be perceived by the nonitor as extra R-waves and
be doubl e counted. Run a strip and count for yourself.

3. Leads perpendicular to the P-wave axis may nake P-waves appear
absent. Check nmore than one |ead to be certain.

4. Rhythmc novenent artifacts (seizures, hiccoughs in neonates) may
m m ¢ dysrhythni as.

B. If hempbdynamically stable obtain 12-lead ECGwith rhythmstrip prior
to intervention.

C. Record rhythmstrip during intervention.

D. As soon as feasible, repeat 12-lead ECGwith rhythmstrip after
successful intervention.

Abnor mal Rhyt hnms: (Cardi ol ogy shoul d be consulted.)

A. Principles of therapy:
- treat energently only if cardiac output conprom sed (an unstabl e
patient)or if rhythmhas the potential to degenerate into a
| ethal (collapse) rhythmsuch as with V. fib.
- normal heart rates (HR) are given bel ow.

Heart Rates in Normal Children

Age Awake rate Mean Sl eeping rate
Newborn to 3 nos. 85 - 205 140 80 - 160
3 nos. to 2 yr. 100 - 190 130 75 - 160
2 - 10 yr. 60 - 140 80 60 - 90
> 10 yr. 60 - 100 75 50 - 90

from: Gllette PCet al. Dysrhythm as. In Adans FH, Emmanouilides GC, Rie-

menschnei der TA, eds. Mdss’ Heart Disease in Infants, Children and
Adol escents. 4th ed. Baltinmobre, Md: Wllianms & WIkins; 1989: 725-741

B. Tachyarrhythn as:
1. Sinus tachycardia (ST): - therapy is directed to underlying

cause: anxiety, fever, volune depletion, pain, stinmulant nedications,
anem a, CHF, thyrotoxicosis.




a. Beat-to-Beat heart rate variability is conmon.

b. Acceleration and deceleration of heart rate is typical

Supraventricul ar Tachycardia (SVT):

a. HR depends on patient age, usually 220 or greater (up to 300
bpm). Etiologies: idiopathic in approximtely 50% Wbl ff-

Par ki nson- Whi te syndrome (WPW, congenital heart defects
(Ebstein’s anomaly, single ventricle, L-TGA), associated with
hydrops fetalis, sepsis, trauma, central |ines.

b. HR very regular, rarely associated with A-V bl ock

c. P-waves may not be visible at high rates.

d. QRS duration is normal in 90% of cases. Wde QRS may be
i ndi stingui shabl e from V-Tach.

e. My see ischemic ST-T changes in SVT of |ong duration
f. Long-lasting SVT may cause a cardi onyopat hy and/or congestive
heart failure which may then | ead to cardi onegaly; a CXR may be
useful .
g. ECGcriteria: ST vs. SVIT.

(1). ST usually < 220 bpm SVT > 220 bpm

(2). In ST there is beat to beat variation in rate. No HR
variation in SVT.

(3). Both onset and cessation of SVT are abrupt.

h. Therapy: depends on cardiac stability. If the patient has a

good BP, and cap. refill, is responsive and has no signs of CHF
then he/she is probably stable. If the patient has weak or absent
pul ses, poor cap. refill and BP, is lethargic or unresponsive,

has HSM edenma or rales then he/she is probably unstable.

(1). Synchronized cardi oversion (0.5-1.0 joul es/kg) for
cardi ovascul ar instability; nmay use adenosine if |V present
and adenosine readily avail able (see bel ow).

(2). If persists, repeat synchronized cardioversion at 2.0
joul es/kg; SVT normally converts easily with synchroni zed
car di over si on.

(3). If no success with cardioversion, consider sinus
tachycardia, atrial fibrillation or atrial flutter. Review
the ECG strips performed while you were attenpting to
cardiovert.
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(4). In non-enmergent cases attenpt vagal nmaneuvers
(stimulate gag reflex, ice bag to face (forehead to chin,
ear to ear) Valsalva, carotid nassage in older children.
Never press on the eyeballs.

(5). Adenosine 0.1 nmg/kg rapid IV push followed i medi ately
with rapid fluid flush. Expect transient asystole at
conversion (adenosine T 1/2 is seconds). My need higher
dose if patient on theophylline. If first dose of 0.1 ng/kg
has no effect, double the adenosi ne dose (nmaxi num single
dose is 12 ng).

(6). Consider digitalization. (see section at end of this
chapter for dig. doses, side effects etc.) If WPW present,
consult cardiology first. (dig + WPW deaths reported).

Di agnose WPW when isoel ectric PR segrment is absent (i.e.
short PR interval) and QRS is wide. May al so see delta wave.

(7). Verapaml 0.1 mg/kg IV over 3-5 nmin. only if patient
stable and > 1 year old. Contraindications : CHF
present, age < 1 year, concom tant Beta-bl ocker therapy,
myocardi al depression, or if patient has a bypass tract.
Al ways have cal cium chl oride avail able as anti dote!

(8). Procainamde 2 - 6 ng/kg/dose IV over 5 minutes.
Mai nt enance is 20 - 80 ntg/kg/mn IV drip.

Ventricul ar Tachycardia (V-Tach):

a. Rate may vary fromnormal to 400 bpm (usually 150-250).

b. Majority of cases have underlying structural heart disease or
a prolonged QT interval

c. My be caused by hypoxia, acidosis, electrolyte inbal ance,
drugs (esp. nethyl xant hi nes, anphetamines, tricyclics, digitalis/
di goxin), nyocarditis, poisons, |ong QI syndronme, or post
surgery.
d. ECGcriteria:

(1). Rate at least 120 BPM and regul ar

(2). Wde QRS (> 0.08 sec).

(3). P-waves not seen, or dissociated

(4). T-waves opposite in polarity to QRS

(5). May resenble SVT with aberrant conduction; however
wi de QRS tachycardia in children is V-Tach until proven
ot herw sel!
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4.  Atri
infants

a.

b

Ther apy:

(1). Synchronized cardi oversion wth cardiovascul ar
instability 0.5 - 1.0 J/kg. This is done for unstable
patients with a pulse. If patient has V-tach. without a
pul se then treatnment is simlar to V-fib. and uses
defibrillation instead - see algorithms !!

(2). Lidocaine bolus (1.0 ng/kg) results in higher success
rates of cardioversion.

(3). Lidocaine infusion (20 - 50 ncg/kg/mn) will help
mai ntai n sinus rhythm after conversion.

(4). If cardioversion needs to be repeated use 2.0 J/kg

(5). If lidocaine is unsuccessful, use bretyliumb5 ng/kg
slow IV push and repeat cardioversion.

al Fibrillation/ Flutter - nortality as high as 25%in

Flutter is defined by the norphol ogy

(1). Flutter waves (sawtooth pattern) are seen in the
inferior and right precordial |eads. Rates of 300 or so are
comon but may be as high as 500 BPM

(2). AV conduction is variable - it usually is 1:1 in
i nfants

(3). Causes: In infants the heart is usually structurally
normal . Flutter is also associated with congenital heart

di sease though, with 75% of episodes occurring post-op
cardi othoracic surgery, especially after Fontans, Mistards,
or Sennings. Also occurs fromdigitalis toxicity,
myocarditis, and hypokal eni a.

Fibrillation is characterized by an irregularly irregular

rate and rhythmwith variable “p” wave norphol ogy. Ventricul ar
rates are often > 200 BPM and atrial rates > 400 BPM

C.

(1). Causes: idiopathic, stinmulants nay precipitate

epi sodes, congenital heart disease (Ebstein’s anonaly,
mtral stenosis, tricuspid atresia etc. ), rheumatic heart
di sease, hyperthyroidism cardi omyopathies, myocarditis

Treatnent of Atrial Fibrillation or Flutter:
(1). Synchronized cardioversion 0.5 - 1.0 J/kg.

(2). Transesophageal overdrive pacing at 125% of flutter
rate if avail able.



(3). If the above maneuvers fail: Make sure you do not have
SVI. Digitalize with 1/2 the digitalizing dose (see

di goxin section at end of this chapter). 8 hours later give
1/4 the digitalizing dose, and 8 hours after that give the
final 1/4 digitalizing dose. Digitalis slows the ventricular
rate. Do not performif patient is already on dig.

(4). If you have given the first dose of dig. and the

pati ent has not converted in 30 minutes then |load with
procai nami de: |f the patient is < 1 year old: give 7 ng/kg
IV followed by 3.5 ng/kg IV q 4 hours. If the patient is > 1
year old: give 15 ng/kg IV followed by 7 ng/kg IV q 4 hours.

(5). If the above steps fail repeat the cardioversion
(6). If still not converted use IV ani odarone, 1 ng/kg/dose
g 10 min. X 10. May repeat q 12 hours. Mnitor the QIc on
the ECG If the QIc is > 0.53 seconds decrease the dose.
(7). Continue all drugs used for cardioversion, nonitor
procai nam de and NAPA (n-acetyl -procai nani de) |evels, use
conti nuous ECG nonitoring.
C. Bradyarrhythm as:
1. ECG
a. Slowrate is all that matters.
b. P-waves may be present or absent.
c. QRS is narrow or wde.
d. In context of CPR, the exact rhythmis not inportant.
e. FEtiologies: nornmal athletes, vagal stinulation
i ncreased | CP, hypothyroidism hypotherm a, hypoxia,
hyperkal em a, digitalis, beta-blockers, acidosis, heart
bl ock, seizures, rapid cal ciuminfusions, tricyclics.
2. Heart block:
a. Congenital, conplete AV bl ock
(1). Patients are usually asynptomatic.

(2). QRS is usually narrow.

(3). Treatnent is not urgent and often not
necessary.

b. Acquired heart bl ock
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(1). Notify the cardiol ogi st.
(2). Most conmonly occurs postoperatively.

(3). QRS is usually wde.

(4). May cause significant conproni se of cardiac
out put .
(5). If patient is unstable, refer to bradycardia

al gorithm as isoproterenol infusions and cardiac
paci ng may be necessary.

(6). In older patients, transthoracic externa
pacenekers are available for tenporary use in an
| CU setting.

3. Therapy:

a. Ensure adequate ventilation.
b. Chest conpressions.
c. Epi and other neds as per algorithnms. Atropine.
d. Atropine.
D. Absent or disorganized rhythns:

1. Asystole:
a. Diagnosed by absence of auscultated or pal pated pul se,
straight Iine ECG absent spontaneous respirations, and poor
per fusi on.
b. Therapy: appropriate ACLS steps as per algorithm

2. Ventricular Fibrillation (V-fib):
a. Uncommon term nal event in pediatrics, very rare in
infants. Etiologies: postoperative, hypoxia, hyperkal em a
digitalis or quinidine toxicity, myocarditis, infarctions,
cat echol am nes, anesthetics.

b. No identifiable P, QRS, or T-waves.

c. Therapy: Defibrillation and treatment per ACLS
al gorithm

3. Electromechanical Dissociation: (pulseless electrica
activity)

a. Organized electrical activity on ECG but ineffective or
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| eft

V.

absent cardi ac contraction, absent peripheral pul ses.
b. Causes include severe acidosis, pneunothorax, pulnmonary
enbol i sm pneunoperi cardi um hypovol em a, hypoxem a, cardiac
tanponade, hyperkalem a, tricyclic antidepressants, Beta-
bl ockers, Cal cium channel bl ockers, and hypothernia
c. Therapy: see algorithm
Defibrillation and Cardioversion:
A. Paddl e size:
1. 4.5 cmfor infants (usually < 1 yr, or < 10 kg)
2. 8 or 13 cmfor older children (usually > 1 yr, or > 10 kg)

3. Largest paddle size possible is good rule of thunb.

B. Electrode interface: wuse electrode gel or redux cream NOT
ultrasound gel. Saline pads drip and cause short circuits.

C. Position: one on upper right chest below clavicle, other to |eft of
the nipple in anterior axillary line. Try to “cup” the heart with the
paddl es. Reverse this position in cases of dextrocardia, i.e.. upper
chest and right anterior axillary Iine.

Managenment of “Tet Spells” or Paroxysmal Hyperpnea in Cyanotic Heart

Di sease

A. Any patient with Tetral ogy of Fallot may have “Tet spells”. They may
present with cyanosis, hyperpnea, restlessness, and agitation. On exam
the pul nonic stenosis/ ventricular septal defect murnmur may | essen or

di sappear as less blood flows to the lungs. However, other forms of
cyanotic heart di sease may have these spells as well so they are also
known as cyanotic spells. Often these spells are initiated in otherw se
heal thy children with: fever, after defecation, warm baths, after
crying, or after an increase in activity as these actions decrease
systenic vascul ar resistance (SVR). They may al so occur if pul nonary
vascul ar resistance (PVR) is increased such as with a pul nonary

i nfection.

B. “Tet spells” may be caused by anything that reduces SVR or that
i ncreases PVR

1. SVR may be decreased by: dehydration, sepsis, sedatives or pain
killers, loss of vascular tone, |ack of cardiac contractility,
anem a, anaphyl axis, or any shock state.

2. PVR nmay be increased by: viral or bacterial pneunonias,

bronchiolitis, URI’'s, pneunothoraces, hypoxenia, and acidosis. Also,
wor seni ng pul moni ¢ stenosis and right ventricul ar hypertrophy may
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| ead to dimnished blood flow to the lungs resulting in pul nonary
hypert ensi on.

C. Tetralogy of Fallot has 4 associated findings:
1. Right ventricular hypertrophy (RVH)
2. Pul nmoni ¢ stenosis (PS)
3. An overriding aorta
4. Large ventricul ar septal defect (VSD)
D. Physi ol ogy:

1. Spells are caused by shunting of blood away fromthe lungs to the
body. Usually this is primarily an intracardi ac shunt through the VSD
fromright to left. This causes deoxygenated blood to flow to the
body causi ng hypoxem a, a resulting acidosis, and V/Q m smatch which
may then aggravate the condition further by contributing to or
causi ng pul nonary hypertension. (Usually though “Tet spells” are not
classically thought of as having reactive pul nonary hypertension.)

2. Wth little blood flowing to the lungs the systenic venous return
i ncreases. The increased systenic venous return causes even nore
deoxygenated blood to flow right to |l eft across the VSD and out to
the body which further aggravates the hypoxem a and aci dosi s.

3. The patient gets anxious which further aggravates the condition
and leads to a vicious cycle. These spells are |life threatening and a
true energency ! We attenpt to break this cycle in 3 ways.

(1.) Re-establishing blood flow to the pul nonary bed. We do this
by decreasing pul nonary hypertension if present, decreasing PVR
by rel axing the infundi bulum and increasing SVR which forces
more blood into the lungs by reducing the right to left shunt.

(2.) Decreasing systemi c venous return which hel ps reduce the
right to left shunt.

(3.) Inmproving oxygenation and correcting the acidosis.

E. Treatnent: Institute the first two steps bel ow and call cardi ol ogy.

1. Increase SVR to nake the blood nore likely to go to the lungs as
you reduce the right to left intracardiac shunt. W nmay acconplish
this by a knee-chest position. The knee-chest position, by pooling
blood in the | egs, also decreases system ¢ venous return which hel ps
decrease the anmobunt of deoxygenated blood flowing right to left.
Having the parents hold the child in the knee-chest position also
hel ps cal mthe child.
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2. Increase SVR also by giving IV or oral fluids. The IV fluids
shoul d i nclude glucose, such as D5 1/4 NS, to avoid hypogl ycem a from
i ncreased gl ycogen utilization and decreased gl ycogen stores
secondary to the stress of a “Tet spell”. Oxygen therapy should be
provi ded as sonme blood is flow ng through the lungs and nmay therefore
be oxygenated. However, it nmay not help nuch until the right to |eft
shunt is reduced.

3. If you are still encountering problenms give norphine to decrease
anxiety, relax the infundi bulum and decrease venous return. Dose is
0.1 ng/kg IV or IM but watch out for respiratory depression. Be
ready to i ntubate. Morphine my reduce the SVR as well which will
worsen the spell so be ready to give fluids. Do not use dopam ne !
(see nunber 7 bel ow)

4. If you are still encountering problens consider propranolol 0.10 -
0.25 ng/kg IV (max 10 ng) over 2 - 5 mn, may repeat in 15 nin. X 1
This has a negative inotropic effect on the infundi bulum which
reduces the right ventricular obstruction and may all ow nore blood to
flowinto the lungs. The exact way propranolol helps in these spells
is uncertain, however. It may stabilize peripheral vascular arteries
t hus preventing sudden reductions in SVR, or by reducing the HR may
decrease the right to left shunt.

5. If you are still encountering problens consider bicarb 1 mEq/kg
IV, and intubation and ventilation in an attenpt to correct the
aci dosis. This hel ps abolish the hyperpnea as well. Hyperpnea may

contribute to the increased venous return by naking the negative
thoracic punp nore efficient. Abolishing the hyperpnea nmay therefore
reduce the system c venous return and | essen the right to |left
cardi ac shunt.

6. If you are still encountering problens consider phenyl ephrine
(Neosynephrine) a pure al pha agonist, to further raise the SVR The
dose is 0.1 mg/kg SCor IM 0.01 ng/kg IV, or as a drip 0.1 - 0.5
ncg/ kg/ min.

7. Avoid dopam ne, dobutamne, digitalis, and di goxin which have
positive inotropic effects and may therefore, worsen “Tet spells”.

8. Correct anem a if present. Tachyarrhythm as may decrease RV
filling as well and should be treated.

V. Digoxin

Digoxin is a potent drug that has provided physicians with the ability
to treat patients with a variety of cardiology problens. Prior to its

di scovery and use many of these patients died. However, while it is very
useful, digoxin has numerous undesirable side effects. Only a physician
wi t h adequate know edge concerning its actions, and potenti al
conplications may use it safely. Digoxin toxicity is one of the nost
comon drug conplications seen. This is especially true in neonates and
smal |l children, often froma mscalculation of its dose. To avoid this

i atrogenic conplication, all digoxin orders (indeed all medication



orders) should specify the patient’s weight in kilograms, the ncg/kg (or
ng/ kg) desired and the ncg (or ng) dose. In this way the nurses and
pharmmacy may doubl e-check the cal cul ations to avoid nistakes. Because of
its potential for msuse, it is nentioned in this manual

A. Actions/ pharnacol ogy:

1. Digitalis glycoside has positive inotropic and negative
chronotropic actions. It increases nyocardi al catechol anine | evel s at
| ow doses and inhibits sarcol emmal Na't-K*'- ATPase at hi gher doses to
enhance contractility. It indirectly increases vagal activity thereby
sl owi ng S-A node firing and A-V conducti on.

2. It may reduce CSF production, and cause splanchnic, peripheral and
pul nonary vasoconstriction.

3. Rapid absorption occurs after oral doses but this is dimnnished by
antacids and rapid transit tines.

4., Gonerular filtration and tubul ar secretion account for npst of
t he cl earance.

B. Monitoring:

1. Follow the heart rate and rhythmcl osely. Periodic ECG s should be
performed to assess for toxicity.

2. For patients receiving diuretics or anphotericin which may cause
hypokal emi a, follow very closely as dig. toxicity is nore |ikely.

3. Dig. toxicity is nore likely in-patients with hypokal em a,
hypercal cem a, or hypo or hypermagnesem a

4. Drug interactions: indonethacin, spironolactone, quinidine, and
verapam | all decrease digoxin clearance. Metocl opram de decreases

di goxi n absorption. Spironolactone interferes with the

radi oi nmunoassay.

5. Therapeutic levels are 1 - 2 ng/m . However, dig. |like substances

meke such a determ nation inaccurate as the |level may refl ect these
ot her substances and not just the drug.

C. Adverse effects and precautions:

1. d manifestations: nausea, feeding intolerance, vomting,
di arr hea

2. CNS effects: |ethargy

3. Cardiac effects: sone of these are partially due to hyperkal em a
which is seen with digoxin/ digitalis toxicity
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Nont oxi ¢ Cardiac Effects Toxic Cardiac Effects
shortening of Qc interval prol ongation of PR interva
saggi ng ST segnent si nus bradycardia or SA bl ock
di m ni shed T-wave anplitude atrial or nodal ectopic beats
sl owi ng of heart rate ventricul ar arrhythm as

D. Di goxin dosing:

1. Loading or “digitalizing” doses are usually only used when
treating dysrhythm as. Oral doses are usually 25% greater than |V
doses. These | oading doses are given in 3 divided doses. Digitalize

with 1/2 the digitalizing dose, 8 hours later give 1/4 the
digitalizing dose, and 8 hours after that give the final 1/4
digitalizing dose.

Total | oading dose Mai nt enance dose

Post - concept ual age ncg/ kg/ 24 hours ncg/ kg/ dose i nterval
(weeks) IV PO IV PO (hours)

< 29 15 20 4 5 q 24

30 - 36 20 25 5 6 g 24

37 - 48 30 40 4 5 g 12

49 weeks - 2 years 40 50 5 6 q 12

2 - 10 years 20 - 30 30 - 40 3 -4 4 - 5 g 12

> 10 years 10 - 15 0.75 - 25% of 1V | 0.125 - q 24

1.25 ng | oadi ng 0.25 ny
dose

From the 1995 Neofax and 13th edition of the Harriet Lane Handbook

E. Digoxin toxicity: use digoxin-immune “Fab” antibody
(Di gi bi ndd), stop the digoxin, correct any electrolyte problens,
hypoxi a, and aci d-base abnornalities.

1. Digibindd is a sterile powder of antigen binding fragnents (Fab)
derived from specific antidigoxin antibodi es produced by sheep

Di gi bi nda bi nds nol ecul es of digoxin, making them unavail able for
binding at their site of action on the cells. The Fab fragment-

di goxi n conplex is excreted by the kidney.

2. It also has been used in cases of life threatening digitoxin
over dose.

3. Digibinda will interfere with digoxin or digitoxin imunoassay
measur enments.

4. Dosage:

a. For acute ingestions of unknown anpunts 20 vials is adequate
to treat both adults and children. If the child is small and
volunme is a concern, 10 vials nmay be given to the child first and
then they nay be nonitored for their response and an additiona

10 vials be given as needed.
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b. For toxicity occurring during chronic therapy a single vial
will usually suffice if the patient weighs < 20 kg. For |arger
patients 6 vials is usually adequate.

c. For acute ingestions of known ampunts each vi al
contains 38 ng of the Fab fragnments which will bind approximately
0.5 nmg of digoxin or digitoxin. The dose of Digibindd nmay be
based on the nunber of tablets or capsules ingested or the
digoxin level in ng/m (see following tables for adults and
children).

of Digi bi nda

Di gi bi nda Dose for Adults and Children Based on

Nunber of Tablets or Capsules Ingested in a Single Large Di goxin Overdose
Nunber of digoxin tablets or capsul es
i ngested (0.25 ng tablets or 0.2 ng Di gi bi nda dose
Lanoxi capsd capsul es) (nunber of vials)
25 10
50 20
75 30
100 40
150 60
200 80

Di gi bindd Dose (ng) for Infants and Small Children

Based on Steady State Serum Di goxin Concentration and the Patient’'s Wi ght
Serum di goxi n concentration (ng/m)

Wei ght

(kg) 1 2 4 8 12 16 20
1 0.4 * 1 nmg* 1.5 ng* 3 ng* 5 ny 6 ngy 8 ngy
3 1 nmg* 2 ng* 5 ny 9 ny 14 g 18 ng 23 ngy
5 2 ng* 4 ng 8 ny 15 nmg 23 ng 30 ng 38 ng
10 4 g 8 ny 15 ng 30 ng 46 ny 61 ng 76 ng
20 8 ny 15 ny 30 ng 61 ng 91 ny 122 ny 152 ny

* dilution of

reconstituted vial

achi eve a final
Di gi bi ndd Dose (vials) for Adults and Large Children
Based on Steady State Serum Di goxin Concentration and the Patient’s Weight

by adding 34 cc of sterile isotonic saline to
concentration of 1 ng/m may be desirable

Serum di goxi n concentration (ng/nl)

Wei ght

(kg) 1 2 4 8 12 16 20
40 0.5 v 1v 2 v 3 v 5v 7 Vv 8 v
60 0.5 v 1v 3v 5v 7 v 10 v 12 v
70 1v 2 v 3v 6 v 9 v 11 v 14 v
80 1v 2 v 3v 7 v 10 v 13 v 16 v
100 1v 2 v 4 v 8 v 12 v 16 v 20 v

v = nunber of vials

tabl es are from Di gi bi nda package insert 1994




CHI LD ABUSE

Physi cal Signs of Abuse
A.  Bruises

1. < 12 no. old unlikely to have nultiple bruises except by non-
acci dental means

2. Sites suggestive of abuse:
a. Buttocks, thighs, |ower back (paddling)
b. Genitalia, inner thighs (sexual abuse)
c. Cheek (sl ap)
d. Ear | obes (pinch)

e. Upper lip/frenulum Ilingular frenulum (forced feeding or
attenpt to stop crying)

f. neck (choking)
3. Human hand marks
a. Oval grab marks (finger tips)
b. Trunk encirclenent bruises (if present, also RRO frx ribs,
pneunot hor ax, subdural henorrhage, retinal henorrhage from
vi ol ent shaki ng)
c. Linear marks (fingers)
d. Hand print
e. Pinch narks
4. Human bite marks
a. Doughnut or doubl e horseshoe shaped
b. 2-12 teeth inpressions
c. Fade rapidly so especially inportant to get photo early
d. Salivary swabbi ngs
e. My need forensic orthodontist to identify abuser
5. Strap marks

a. Linear bruises (belts or whips)



b. Belt buckle (C, U, or [] shaped)

c. Loop marks (doubled over cord)

6. Bizarre marks
a. Blunt instruments
b. Tattoos
c. Fork mark punctures
d. Circunferential nmarks (wists, ankles)
e. Gag marks

7. Miltiple bruises at different stages of healing, dating of
brui ses by appearance (estimates):

Age of bruise Appear ance

< 6 hrs Red, swollen, tender
6-12 hrs Bl ue, swollen, tender
4-10 days Yel |l ow to green

10- 14 days Br own

2-4 wKks Cl earing

8. Nornmal bruises and external injuries
a. Facial scratches in infants with |ong fingernails

b. Knee, shin, forehead bruises (and brui ses over other bony
prom nences) in anbul atory child

c. Excoriations in a child with Atopic Dernmatitis
B. Burns

1. Inflicted:
a. Cigarette (7 - 10 nm- should all be the sane size)
b. Match tip/incense
c. Ilron/curling iron

2. Forced contact with:
a. Heating grate/radiator
b. Hot plate

3. Scalding fromforced i nrersion:



E

a. Buttocks/perineum (look for doughnut of sparing)
b. gl ove/stocking burns

Head injuries

1. Scal p swelling/bruises

2. Traumatic al opecia

3. Subgal eal hemat ona

4. Skull frx

5. Subdural hematoma: fromdirect blow or shaking, never
spont aneous

6. "Shaken baby syndrone"
a. Retinal henorrhages - if present nake sure Staff
opht hal nol ogi st signs consult note as occasionally only residents
per f or m opht hal nol ogy consul ts.

b. Subdural henmat onn.

c. Circunferential thoracic bruises, rib fractures- especially
posterior.

d. Assoc. long bone frx in 25% - do skeletal survey!
Abdom nal injuries- may cause shock from acute bl ood | oss
1. Conpression of viscus against vertebral col umm

2. Pumeling blows by blunt objects, may see abodoni nal bruises in
periunbilical region, or over |iver or spleen.

3. Rarely discolored
4. Injured sites:
a. Ruptured liver or spleen
b. Intestinal perforation
c. Intramural hermatonma of duodenum (npst common)
d. Ruptured bl ood vessel (rare)
e. Pancreatic injury (pseudocyst, traumatic pancreatitis)
f. Kidney injury (rare)

Bone injuries



1. Spiral fracture (fx.) or transverse fx. Spiral fx. nore conmon
in accidental as well as NAT. Consistent with described nethod of
injury being a twisting injury.

2. Any fx. in a non-anbulatory child

3. Hx and nech of injury inconpatible

4. Chip or cornier fx. of metaphysis (pathognononic, especially if
mul tiple), bilateral |ong bone fxs.

5. Subperiosteal bleeding, subperiosteal new bone formation, or bone
brui se

6. Fx. in different stages of healing
7. Repeated fx. to sane site

8. Rib fx. - highly suggestive in child < 2 yrs (post. > lat. >
ant .)

F. Failure to thrive due to underfeeding
1. Underwei ght
2. Failure to gain weight at hone
3. Rapid weight gain out of hone
4. Ravenous appetite
5. Deprivation behaviors
G Additional signs of physical abuse
1. Delay in seeking nedical attention
2. History inconpatible with injury or the history changes!!

O you receive different histories fromdifferent people and they
don’t meke sense.

3. Injuries on the back
4. Injuries on the back of the arns (defensive)
5. Excessive clothing (attenpt to hide wounds)

6. Child reports abuse: do not ignore or minimze

7. Repeated poorly explained trauna.

1. Reporting
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B.

Whom to call:

1. Child protective services 1-800-252-5400. For Air Force cases,
consult with senior pediatric resident or staff, notify Dr. Goins
WHMC pager 1306, hone phone 681-8757, and call famly advocacy (FA) @
ext. 2-5967, after hours WHMC pager #0932. If an active duty USAF
menber is involved, also call Ofice of Special Investigations (OSlI)@
ext. 3-1852, after hours beeper nunber avail able by contacting the
ER. If an on-base occurrence call Security Police 2-7135. For Arny
cases: contact LTC. Reginold More at pager 813-1727, hone phone 651-
6680, FA @WHMC as above if pt at WH or Social Wrk at BAMC if pt. at
BAMC, and if and active duty menber is involved the Crimna

I nvestigations Division (CID) at 221-1763/4. |If occurrence on-post
call For SamMlitary Police 221-1221

2. If the case is determ ned to be suspicious of abuse or is
docunent ed abuse:

a. Admt to Peds service if unable to determine if child has a
safe place to go

b. If patient is a dependent of retired Air Force, then fanily
advocacy will not be involved and Child Protective Services (CPS)
532-2873, will need to be notified. |If retired Army, both CPS
and FA should be notified.

c. Renenber, it is the job of FA or CPS to deternine if the hone
is safe in questionable cases. They need to talk w th guardi ans
and make that determnation - not pediatrics.

The individual who discloses that abuse may have occurred is

requi red BY LAWto report

C.

Explain to the parents in a non-judgrmental manner that you're

required by law to report any injury that nay have been non-acci dental
regardl ess of your personal opinion about the injury or the parents.

Docunent ati on

A

Carefully docurment in nedical record:

1. Quotes from parent and child regarding circunstances of injury.

2. Al injuries (use diagrans).

3. In all Army cases, conplete a PCAN form

Addi tional studies:

1. PT/PTT & CBC if indicated in cases of bruising

2. Skeletal survey is indicated in all children when ther is concern

of physical abuse. A repeat skeletal survey should be perforned a
week later if the initial survey is concerning for subtle findings.



3. Head CT/MRI, other radiologic procedures, ophthal nol ogy exam as
i ndi cat ed.

C. Photos
1. Call ned photo; sonmeone can be called in 24 hours a day.
2. Do not delay as evidence nay fade
3. Cet photos of all injuries, as well as a whole child picture
4. Serial photos of evolving injuries
V. Disposition
A. CPS will place a legal hold prohibiting the parents fromtaking the
child home if necessary. Again CPS will nake that determ nation, not

Pedi atrics.

B. Hospitalize if nedically indicated and Rx as appropriate (docunent
injuries before Rx if possible)

C. If no nedical indication for adm ssion, but cannot send hone,
will need to be admitted until a proper placenment can be made.
D. If no suspicion that child is in further danger (eg convincing story

that perpetrator is not in hone), consider sending child home with F/ U
If in doubt, hospitalize. Clear the decision through CPS, attending
staff, and child abuse staff (Dr. Goins-USAF/ Dr. Moore-USA).

E. |If hospitalized and |l egal hold placed, DO NOT di scharge until CPS
has cleared child for discharge. A note to that effect nust be placed
on chart, containing name of CPS worker contacted and time. Discharge
order must be specific in regards who is allowed to take child (eg:
parents, nane of foster parent, etc.) Foster parents nust show
i dentification.

V. Child Sexual Abuse
A. Acute - if said to have taken place in |ast 48-72 hours.

1. If female > 12 years old - then should be eval uated by OB-GYN

2. |If female < 12 years old - then should be eval uated by Peds.

a. |If there is a possibility of transmi ssion of STD (i.e.
penetration or oral sex) then rape kit should be conpl et ed.

b. Rape kits are in ER and self explanatory.

c. |If no chance of STD (i.e. fondling breasts), then full exam
with careful docunentation needs to be done, but no need for
cul tures.
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d. If offender is Active Duty, then FA, CPS, Mlitary Police,
and O fice of Special Investigations (USAF) or CID (USArny) need
to be notified. (see #s sect Il,A 1.)

e. As above, hospitalize if patient does not have a safe place
to return.

B. Chronic or Distant - if abuse took place in the distant past.
1. If female > 12 years - OB-GYN to evaluate. Defer to better
setting than ED. |If teenager, obtain inforned consent fromteen.
2. If female < 12 years or nale - full evaluation (for subtle
signs of old trauma) may be schedul ed with child abuse staff.
Defer examto better setting than ED.

3. Again FA, CPS and possibly OSI or Mlitary Police should be
notified.

C. Sedation may be considered in a child unable to cooperate with

an exam

D. Any questions can always be directed to child abuse staff.



COAGULOPATHI ES

DDX
A Henophilia A
B. Henmophilia B
C. von Wl ebrand s disease
D. Ot her rare hereditary disorders:
1. Factor |: Afibrinogenem a, hypofibrinogenem a, and
dysfi bri nogenem a.
2. Factor |1: Hypoprothronbinemia (8 cases) and dysprothronbi nen a
(12 cases).
3. Factor V: Parahenophilia. Autosomal (1q) recessive. |Incidence:
1/ 500, 000.
4. Factor VII: Very rare autosomal (13q) recessive disorder
5. Factor X: Autosomal (chronpsone 13) recessive, |ncidence
1/ 500, 000.
6. Factor Xl: Henophilia C Autosonmal (chronpbsome 4) recessive.
7. Factor Xll: Autosomal (chronbsone 6) recessive
8. Factor XlIl: Very rare autosonmal (subunit A on 6p, subunit B on
1q) recessive disorder.
E. Acqui red bl eedi ng di sorders:
1. Liver disease
a. Site of synthesis of npbst coagul ation factors, predisposing
to clinical bleeding
b. Prolonged PT, aPTT, TT. FVIII activity and antigen usually
i ncreased
c. Presents with henorrhage, HSM and jaundi ce.
2. Vitam n K deficiency:
a. Cofactor for gcarboxylation for C-termnus of protein,
required for function.Factors Il (prothronbin), VII, |IX and
X, and Proteins C and S.
b. Requires normal bacterial flora for intestinal absorption
c. Henorrhagic di sease of the newborn, cystic fibrosis, biliary
atresia, obstructive jaundice, small intestine dysfunction,
and rarely with antibiotic therapy.
3. Cyanotic congenital heart disease: Polycythem a associated with
poor coagul ation function.
4. Renal failure:
a. Platelet function is abnormal in urena
b. DICin acute renal failure, allograft rejection, and chronic
renal insufficiency.
c. Protein loss in nephrotic syndronme nay associate with
henorrhage or thronbotic conplications.
5. Anticoagul ants:

41



a. Acquired henmophilia-in adults with autoi nmune antibodies to

factor VIII. Presents with severe |ife threatening
henorrhage, prol onged PTT whi ch does not correct on m xing
st udy.

b. Lupus anticoagulant in patients with SLE. Predi sposes to
DVT but not bl eedi ng.

6. Dissem nated intravascul ar coagul ati on (DI C)

a. In the newborn: intrauterine infections, maternal toxenia
abruptio placentae, severe respiratory distress syndrone,
and necrotizing enterocolitis.

b. Most common causes in chil dhood: ful m nant bacterial sepsis,
di ssenmi nated viral diseases, and massive head injuries.

c. Usually associated with:

1) fragnmented RBCs,

2) low or decreasing platelet count,

3) henogl obi nem a (pink pl asnm)

4) prolonged PT and APTT, and | ow or decreasing fibrinogen
Confirm by nmeasuring fibrin split products (FSP's), or D
di ners

5) Factors V and VIII (decreased).

6) Clinical manifestations: bleeding and/or thronbosis.
M nimal until consunption of platelets and coagul ation
factors has occurred.

7. Thronbocyt openi a:

a. Platelet production failure: Generalized bone marrow failure
due to | eukem a, myel odyspl asi a, aplastic anem a
nmegal obl astic anenmia, urema or marrow infiltration.

b. Sel ective negakaryocyte depression due to drugs, al cohol
chemicals or viral infections.

c. Abnormal distribution of platelets: Splenonegaly.

d. Increased destruction of platelets:

1) Inmmune: neonatal all oi mune thronbocytopenia, post
transfusion, | TP, SLE, post-infection, AIDS, post-BM.
2) Drug induced.
3) DIC, including henolytic urem ¢ syndronme, and Kassel bach-
Merrit syndrone.
e. Dilutional |oss: Mssive transfusion of stored bl ood.

8. Qualitative platelet disorders (disorders of platelet

function):

a. Characterized by a prolonged bleeding tinme out of proportion
to the platelet count.

b. Hereditary forns include: Bernard-Soulier syndrone,
W skott-Aldrich syndronme, Chedi ak-Hi gashi syndrone, gray
pl atel et syndrone, von WII|ebrand' s disease, and others

c. Most common acquired formis secondary to drug use (e.qg.
aspirin, NSAIDs).

Di agnosi s
A. History:
1. Traum

2. Headache (consider intracranial bleed).
3. Prior bleeding (type, extent, and duration).
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4.
5

Careful famly history
Medi cation use (particularly aspirin).

B. Pattern of bleeding: (see table 3)

1.

2

3.

Mucocut aneous bl eedi ng (petechi ae, ecchynpses, epistaxis, and G & GU
bl eedi ng) suggestive of platelet disorder.

Purpura nost cases are due to vasculitis with other systemc
illnesses, not associated with thronmbocytopeni a.

Bl eeding into potential spaces such as joints, between facial planes
and into the retroperitoneumis characteristic of factor deficiencies
or warfarin toxicity.

Bl eeding frommultiple sites to include both nucocutaneous and
potential space bl eeding may be seen in DI C

Physi cal Exani nati on:
1
2.

Eval uat e henodynani ¢ st at us.

Identify source of bleeding. Early hemarthrosis will show only pain
with ROM or bearing w. All acute nuscul oskeletal pain is assuned
secondary to occult bleed when factor level is lowin a henophiliac.
Look for other sites of blood loss (e.g. bruising, petechiae). Assess
wound sites for oozing (lIV sites, unmbilical cord stump).

D. Screening assays:

1.
2

3.

CBC. check plt count, assess for m croangi opathic aneni a

Pl atel et count usu adequate if> 50,000. Platelet counts < 10,000 rmay
|l ead to spontaneous henorrhage.

Prothrombin Tinme (PT): identifies coagulation abnormalities of the
extrinsic and conmon pat hways; requires factors VII, X, V, II, and |
Activated Partial Thromboplastin Tine (aPTT): identifies coagulation
abnormalities of the contact phase and the intrinsic and common

pat hways; requires factors XIl, X, IX WVIII, V, Il, and

Bl eeding Tine: Unreliable test in children <4yrs. In expert hands, a
bl eeding tine > 15 minutes is frankly abnormal and indicates:

a. Severe inpairnment of platelet function.

Very | ow bl ood | evel s of VW.

Afibrinogeneni a or severe Factor V deficiency, or

Pl atel et storage pool deficiency.

Bl eeding times between 8 and 15 minutes are usually associated with
noderately | ow plasma vWF. Antipl atel et drugs, |upus-Iike

anti coagul ant, Factor Xl deficiency.

The Tourni quet Test (Runple-Leede Test): Identifies capillary
fragility associated with viral infections, drug-induced vasculitis
and col | agen di seases (e.g., SLE)

Fi bri nogen level, FSP's, D-diners. N fibrinogen level is > 150-200.
FSP's < 10.

Thrombin Clotting Tine/ Thrombin Time Assay (TCT/TT): Isol ates the
comon pathway. Requires fibrinogen especially. Heparin will inhibit
this test.

Thronmboel astogram (TEGQ); a rel atively new assay that observes the
efficiency of whole blood in fornming clot. Measurenents reported
allow i nformation regardi ng the source of coagul opathy (contact,

pl atel et, factor deficiency, inhibitor)

D QO O T

E. Confirmatory tests:



1. Factor Assays are reported as % activity conpared to controls. These
are usually functional assays- Cl ot-based coagul ati on assays (based on
PT, APTT, TT)

2. Quantitative assays neasuring factor levels, done only at reference
labs. (I.e.: vonWIIlebrand anti gen assay).

3. Gene analysis only available for known genetic abnormalities. Usually
requi res a proband have a defined abnorrmality, then the test can be
applied to other affected fam |y nenbers as a screen

I'1l Treat ment

A. CGeneral Principles:

1
2.

3.

4
5

Stabilize patient.

Utilize mechani cal nethods of henpstasis (e.g.: topical thromnbin,
cauterize bl eeding vessels, oral surgery, etc.)

G ve directed therapy for factor or platelet correction.

Pai n contr ol

Avoi d aspirin containing products.

B. Micosal bl eeds:

1.

C. Bl
1.

2

Local applications of GELFOAM’. Afrin for epistaxis, repeat every 20
min for bleeding as BP tolerates.

AM CAR® (epsilon am nocaproic acid) prevents clot dissolution in mouth
bl eeds. Contraindicated in hematuria or DIC. Dose = 100 ng/kg |V or
PO q 6 hr (up to 24 gnfday).

ood component therapy:
Fresh frozen plasma (FFP)
a. Contains all blood coagulation factors (by definition, 1nL = 1 unit
of factor activity). Useful when diagnosis is unknown.
b. Indications. (WHMC 7/99)
1) Prophylaxis prior to procedures PT > 17, aPTT > 66
2) Bleeding with acquired coagul opathy due to a deficiency of
coagul ation factors.
3) Massive blood transfusion > 1 bl ood volune with evidence of a
coagul ati on deficiency and bl eedi ng.
4) Reversal of warfarin effect.
5) Congenital deficiency of Factor I, V, X X, or XII
c. Dose: 10-m/kg-body weight. Monitor with PT and aPTT.
d. Renenber: 6 units of platelets or 1 platelet pheresis unit
delivers 1 unit of FFP.
e. Contraindicated as a vol une expander (JAMA, March 9, 1994, p.778).

Cryoprecipitate:

a. 1 unit (9 to 16 nL) contains 80-120U Factor VIII and VW, 200-300
mg fibrinogen, and 40-60U Factor XIll. Insignificant anounts of
ot her factors.

b. Indications:

1) Hypofibrinogenem a. Mst cases DIC so FFP al so needed.

2) VonW I | ebrand di sease if DDAVP not effective (Type Il or II1).

3) Henophilia A when treated comrercial factor VIII concentrates are
not avail abl e.
c. Dose:



1) Congenital hypofibrinogenenia: 1 bag/5 kg body weight gq o d.

2) Consunptive hypofibrinogenem a: 1 bag/5 kg body weight. Monitor
fibrinogen level to guide frequency.

3) vonW I Il ebrand disease: 1 bag/10 kg body wei ght.

4) Henophilia A: Nunmber of Bags of Cryo = [(Plasma/Volunme in nmL x %
I ncrease in Factor VIII Needed)/100]/80.

5) See Factor VIII below for guidelines.

3. Platelets:
a. Indications (WHMC 7/99)

1) Decreased platelet production and/or increased platelet.

2) Bl eeding prophylaxis for counts bel ow 5000 (5X10°).

3) Between 5000 and 20, 000 give on the basis of significant bleeding
risk.

4) Congenital platelet dysfunction: weigh risk of alloimunization
vs. bl eeding Consider pharnacol ogi cal nethods of enhancing
pl atel et functions (e.g., Desnppressin®, DDAVP).

5) Acquired platelet dysfunction (e.g., drug-related etc.).

b. Dose:

1 unit random pl atel ets/10 kg body wei ght, or 4 uni ts/ M body
surface area increnmental ly raises platelet count by 50x10% L.

D. Bl ood Derivative Therapy:

1. Human Factor VIII concentrate:
a. One unit/kg body weight of Factor VIII will raise plasm activity
by 2%

b. Biological half-life: 8 to 12 hours.
c. Prepared fromas many as 22,000 donors.
d. Indications:

1) Severe Factor VIII deficiency, or mld to noderate Factor VII
deficiency with inadequate response to DDAVP.
2) Only one product, HUVATE-P°, (Arnour, Kankakee, Il1linois),

cont ai ns adequate amounts of vW for treatment of vonWI I ebrand
di sease, and is preferred over cryoprecipitate.
3) Dosage depends on type and severity of bleeding (see Table 1).
4) Avail abl e products: see Table 2.

2. Porcine Factor VIII concentrates: for patients with Factor VIl
deficiency and inhibitors. Dose the sanme as human factor VIII
3. Factor VIIA: FDA approved for use in patients with VII1 inhibitors.

Henme consult to set up and give (has very short half life and requires
conti nuous i nfusion)
4. Prothronbin conplex concentrate (Factor | X conpl ex)
a. One unit/kg body weight of Factor I X will raise plasma |evel by
0.5%to 1.0%
b. Biological half-life: 10.5 to 13.5 hours
c. Indications:
1) Factor |X deficiency.
2) Factor VIII deficiency with inhibitors ( would be first choice of
treat ment)
3) Cautions: \
a) Never administer simultaneously with AM CAR® (results in
hyper coagul abl e state with risk of thronbosis).



b) Risk of thronbosis and DICis high in patients with liver
di sease.

c) Dosage usually 75-80 units/ kg every 12-24 hours.

d) Avail abl e products: see Table 2.

5. Activated prothronbin conplex concentrates (AUTOPLEX®, FEI BA°):
a. For use only in patients with inhibitors.
b. Dose: 50 to 100 U kg.
6. Purified and reconbi nant Factor |X concentrates.
a. Indications: first line therapy for factor IX deficiency
b. Reconbi nant Factor |X (Benefix®) requires 20% dose increase for
equal efficacy.
c. See tables 1 and 2.

E. Desnopr

essin (DDAVP, STI MATE®)

1. Transiently increases in all conponents of the FVIII, increases
pl asm nogen activator.
2. Indications:

a. MId to noderate henophilia A
b. VonW I | ebrand di sease with known previous response to DDAVP
1) Use in type Ilb vonWI I ebrand disease will result in severe drop
in platelets.
2) Dose: 0.3 mcrograns/kg diluted in 50cc normal saline, IV over
30 mi nutes.
3) Also approved for intranasal admnistration 3 microgran kg.
4) Can be repeated at 12 hour intervals, BUT decreasing response is
noted with each successive dose.
5) Causes a rise in plasninogen activator.
6) For oral bleeding use AM CAR°. 100 nmg/kg q 6hr x 4-7 days
Tabl e 1: RECOMVENDED DOSAGES OF FACTOR VITI1* and | X
Initial Dose Initial Dose
I ndi cati ons (Factor VI, U Kkg) (Factor | X, U kg) Ot her Treat nent
Rout i ne dose
E.g.: sutures, joint, **20- 25 30-40 Anmi car with nouth
nmuscl e, mouth bl eeds
Maj or Dose
E.g.: Head, d, prior 40- 50 40- 50 I ce packs, Non-wei ght
to invasive procedure Repeat (ql2-24) (Add 20% if using bearing, |ight weight
(ex LP), and large BenefixO) splint,
joint bleeds (hip, Repeat (q 24-48) Conpl ete bed rest for

knee)
**n o
the treatnen

iliopsoas henorrhage
ndi vi dual s who have nmild henophilia A DDAVP (Desnopressin®) is
t of choice rather than factor VIII concentrates.

Adapted from Lusher JM Warrier |: Henophilia. Pediatrics in Review
12: 275, 1991. And Energency Care for Patients with Henophila, by Nursing G oup

of Henophili

a RegionVl, 1999



Tabl e 2.

W LLEBRAND S DI SEASE

PRODUCTS AVAI LABLE FOR TREATMENT OF HEMOPHI LI A A, HEMOPHI LI A B, VON

Pr oduct

Manuf act ur er

Met hod of Viral Inactivation

I ntermedi ate
Purity

Koate Hp°
Humat e- P°
Monocl onal
Purified
Monocl at e- P°

Henofil - M
Met hod- M

Porcine VIII
Hyat e (ox
Reconmbi nant VI |
Recombi nat e®

Bi ocl at e°
KogenateO

Fresh bl ood

pr oduct
Cryoprecipitate
DDAVP

FACTOR VI I |

Al pha
Ar mour

Anour

Hyl and

Anerican Red Cross

Porton

Baxt er - Hyl and

Pr ot hr ombi n Conpl ex

Konyne®
Propl ex T°

Activated Prothrombin

Conpl ex

Aut opl ex T°
FEI BA®
Profilnine HT®

anoclonal I X
Mononi ne® ‘
Al phani ne °
Reconbinant I X
Benef i x°

Fresh bl ood product

FFP

Reconbi nant VI |
A S
NovoSeven®

Sol vent / det er gent

Pasteurized (10 hr, 60°C)

Monocl onal anti body-purified plus
pasteuri zation (10hr, 60°C)

Monocl onal anti body-purified plus
sol vent/ det er gent

Monocl onal anti body-purified plus
sol vent/ det er gent

Porci ne factor VI

None/ Synthetic ( uses pasteurized human
al bumin in prep)

Cent eon same
Bayer same
Local bl ood bl ank None ( donor screening tests only)
Ror er None/ Synt heti c preparation
FACTOR | X
Cutter Dry Heat (80 hr, 68°C)
Baxt er Hyl and Dry Heat (150 hr, 60°C)
Baxt er Hyl and Dry Heat
Al pha Heated in an organic solvent [N-Heptane] (20
hr, 60°C)
Al pha Monocl onal anti body-purified plus heated in

CGenetics Institute

Local bl ood bank

organi ¢ sol vent

None/ synthetic (No human albumn in prep or
st orage)

None ( donor screening tests only)

FACTOR VI1 A

NovoNor di sk

None/ synthetic (No human albumn in prep or
st orage)

PRODUCTS FOR VON W LLEBRAND' S DI SEASE
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DDAVP ) Ror er None/ Synt heti ¢ preparation
Hurmrat e- P° Ar mour Pasteurized (10 hr, 60°C)
Cryoprecipitate Local bl ood bank None ( donor screening tests only)

Adapted from Julius C, Westphal RG The Safety of Bl ood Conponents and
Derivations, Hematol ogy/ Oncology Clinics of North Anerica 6: 1071, 1992.

Tabl e 3. DI FFERENTI ATI ON OF PLATELET- VASCULAR ABNORMALI TY FROM COAGULATI ON
PROTEI N DEFI CI ENCY BY HI STORY AND PHYSI CAL EXAM NATI ON

Pl atel et or Vascul ar Coagul ati on Factor Deficiency
Abnormal ity
Ecchynpses Smal | and superfici al Large and deep (often
pal pabl e)
Pet echi ae Fr equent Never
Mucosal henorrhage Fr equent Uncommon in henophilia
frequent in acquired
di sorders
Muscl e, joint, or Uncommon Fr equent
i nternal henorrhage
Pr ol onged bl eedi ng from Frequent Rar e
cuts and scratches
Bl eeding with trauma or | nmediate; stops with Del ayed (1-2 days |l ater);
surgery pressure does

not stop with pressure

CROUP ( LARYNGOTRACHEI TI S)
. Introduction
A. Viral infection causing subglottic and tracheal swelling.
B. Most common cause of stridor in children

C. Parainfluenza virus (1) recovered in 50% Additional causes:
Parai nfluenza (Il & 111), influenza, RSV, adenovirus, neasles.

D. Mre common in fall and w nter
E. Usual age 3 nbs - 5 years (mean = 18 nonths).
I'1. Pathophysi ol ogy

A.  Virus invades epithelium of the nasopharynx with |local spread to



| arynx and trachea.

B. Epithelial damage causes nmucous production and loss of ciliary
function.

C. Edema of the subglottic larynx. A small anmount of edema within the
ring of the cricoid cartilage |leads to a |large decrease in air flow

D. Fibrinous exudate partially occludes the |lumen of the trachea.
[11. dinical Mnifestations

A. Insidious onset of fever, coryza, cough and sore throat.

B. Stridor and barking cough devel op on day 2-3.

C. May be unable to maintain PO intake.

D. Mjority appear nmildly to noderately ill.

E. Fever is quite variable(100 to 105 F).

F. Mniml to severe respiratory distress with varying amunts of
tachypnea, dyspnea, stridor, flaring and retractions.

G Lungs are clear with transnitted upper airway sounds; wheezes occur
if there is conconitant |ower airway involvenent.

H. Rarely cyanotic.
IV. Lab/X-ray - rarely abnormal or of diagnostic val ue.
A WBC nildly elevated with predom nance of PM\' s.

B. The “steeple sign”, a manifestation of subglottic narrowi ng, seen on
X-ray of the neck, is neither sensitive or specific.

V. Differential diagnosis includes:
A. Epiglottitis, foreign body, retropharyngeal or peritonsillar
abscesses, bacterial tracheitis, congenital or acquired subglottic
stenosi s, paraquat poisoning and | aryngeal diphtheria.

B. The history is extrenely inportant. It may be the only source
suggestive of another process such as a foreign body.

VI. Managenent

A. Mke the patient confortable. Avoid unnecessary procedures that
wi Il increase anxi ety and worsen respiratory status.
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B. Contact isolation. Pulse oximetry.

C. Rehydration. Account for ongoing | osses such as tachypnea and
fever.

D. Medical managenent.
1. Mst therapy:

a. Water droplets noisten nmucosa and decrease viscosity of
secretions.

b. Tenperature not inportant (although cold m st nmay provoke
bronchospasmin patient with RAD)

c. Admnister with G, in hypoxic patient.
2. Racem ¢ Epinephrine
a. Vasoconstrictive effects decrease nucosal edenmn.
b. 2.25%sol'n 0.05 cc/kg (0.5 cc max dose) in 3 cc NS
c. Hold for HR > 180 (unless tachy fromrespiratory failure).
d. Potential rebound phenonmenon: initial inprovenent followed by
deterioration over the next 1-2 hours can occur and should be
anticipated. The deterioration is usally not to a worse state

than the child s pre-racem c epi nephrine baseline.

e. Contraindications: subvalvular aortic stenosis, pulnonary
stenosi s, Tetral ogy of Fall ot

3. Corticosteroids
a. Edemm decreased by suppressing |ocal inflammtory
reaction, decreasing |ynmphoid swelling and decreasing capillary
perneability.
b. Dexanet hasone (Decadron) 0.6 nmg/kg IV or IMx 1.
4. Antibiotics not indicated.
5. Sedation contraindicated.
E. Intubation in respiratory failure (< 5% of hospitalized patients).
1. Call ENT and anesthesia for help in intubation

2. Preferably done in OR under controlled conditions.

3. Endotracheal tube (ETT) should be 1-2 sizes snaller than normally
used.



4. ENT should be prepared for emergent bronchoscopy or tracheostony.

5. Once safely intubated orally, may switch to nore secure
nasotracheal tube if desired.

6. CXR to verify tube position.
7. |If needed may sedate or paralyze and use nechani cal ventilation

8. Extubation best done when significant air |eak devel ops (2-6 days
after intubation).

9. Decadron has been used to help decrease edenm; 0.25 - 0.5 ng/kg
IV g 6-12 hours prior to the extubation attenpt and nmay be given
agai n at extubation then prn.
F. Indications for admission (> 85%can be nmanaged as outpatients).
1. Significant respiratory conpronise.
2. Dehydration.
3. Recurrent Enmergency Departnent or clinic visits in 24 hours.
4. O her situations which may require adni ssion:

a. Patient < 1 year old.

b. Patient lives a long distance fromthe hospital or has
i nadequate transportation.

c. |Inadequate observation or followp is likely.
d. Significant parental anxiety exists.
G Criteria for discharge fromthe clinic or Emergency Departnent:
1. The episode nust be the first visit to the hospital for croup
2. |If the patient has received a racenm c epi. neb., steroids, and is
in no respiratory distress 2.5 hours after the drugs were

adni ni stered, then they may be considered for di scharge hone.

3. Phone foll owp nmust be assured a few hours |ater. Docunentation
of the phone call should be perforned.

4. |If any doubt exists for the fulfillment of any of these criteria
the patient should be admitted.
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DI ABETI C KETOACI DOsSI S

Definition: A netabolic state in an insulin dependent diabetic caused by
insufficient insulin and excess of glucagon. It is characterized by
hyper gl ycem a with bl ood gl ucose concentrations usually exceedi ng 300 ng/dl,
ketonem a with total ketones positive at a 1:2 dilution in the serumor a
positive sodi um nitroprusside reaction with undiluted urine (Acetone,
ketostix, etc.), acidosis with a pH of less than 7.30, and serum bi carbonate
| evel of less than 15 nEg/l. The insulin lack allows unchecked ket ogenesis and
gl uconeogenesis to occur with additional glucose rel eased through uni npeded
gl ycogenol ysis. The el evated glucagon/insulin ratio pronotes ketone body
formati on, glycogenolysis and gl uconeogenesis.
Treatment Regi nmen for DKA in Children
. Adnission
A. History
1. Known di abetic? M ssed insulin dose?
2. Enotional or physical trauma?

3. Infection? ASA or other ingestion? Known wei ght | o0ss?
Pregnancy? Appy?

B. Physical Exam nation
1. Level of consciousness
2. Respiratory status: depressed or Kussmaul ? (fast and deep)
3 Ext ent of dehydration: BP, skin turgor, nucous nmenbranes. (Most

patients with DKA will be at |east 10% dehydrated.) Patients are
total body HyO depleted as extracellular glucose causes an osnotic

di uresis.

4. Flushed face? Acetone (fruity) breath?
5. Source of infection

6. Abdom nal pain

a. Commonly seen as a non-specific synptom acconpanyi ng
met abol i ¢ aci dosi s

b. If persistent, consider diff. dx. of "acute abdonen”: i.e.
appy, pyelonephritis, PID, etc.

c. Severe abdom nal pain may be associated with a transient

el evation of pancreatic (? salivary) enzynes in the absence of
docunent ed pancreatitis.
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C. Laboratory Data
1. Bl ood

a. Dextrostix--every 30 mnutes until dextrose is added to IV
fluids, then may go to every one hour until stabilized. Wtch
rate of fall--average rate is 75 ng/dl/hr, but may be as high as
300 nmg/dl/hr. W desire a fall of 50 - 100 ng/dl/hr, add D5 as
needed to maintain desired rate of fall.

b. Serum gl ucose--on adm ssion and then every 1-2 hours

c. Serum ket ones--on adm ssion

d. Urine ketones--on adnission and every void; may actually

i ncrease even as acidosis is inproving due to a shift of Beta-

hydroxybutyrate to acetoacetate and acetone.

e. pH-venous bl ood gas sufficient to follow level; follow every
2 hours. Cccasionally ABG (A-line) is needed.

f. Serumelectrolytes--follow every 2 hours X 2; then every 4
hours.

g. BUN/ Creatinine--BUN every 2 hours X 2; then every 4 hours;
creatinine on adm ssion

h. Serum cal ci um phosphate--follow every 4 hours.

i. Serum magnesi um -on adm ssion and every 8 hours.

j. Serumosnolarity--follow every 4 hours by |ab; and every 1-2
hours initially by calculation: 2Na + [glucose/ 18] + [BUN 3];
normal is < 300. Don't let serumosnolarity fall too fast, ie,

too rapid a fall in glucose (see a. Dextrostix above).

k. Vital signs, including nental status examevery 30 nin - 1
hour initially.

I. B-HCGif pregnancy is possible.

2. EKG - on admi ssion and nonitor throughout |ICU stay. Screen for
hyper kal emi a (peaked T waves) and hypokalenmia (flattened T waves).

3. Look for source of infection and consider
a. Bl ood cul tures
b. Chest X-ray

c. Urinalysis/Uine C&S



5.

d. Lunbar Puncture

e. Oher cultures as history and physical exam suggest
I'f NEWdiabetic, draw the follow ng :

a. Anti-insulin antibodies

b. Anti-islet cell antibodies

c. GC-peptide

d. HbAlc

e. TFT's, anti-thyroid antibodies.

Record all |ab values on a flow sheet (flow sheet at end of

chapter may be enlarged on a copy machi ne and used).

Il. Treatnent

A. Fluids and El ectrol ytes

1

Initial Bolus

a. 20 cc/kg of NS over an appropriate period of tinme. |If in
shock, get it in as rapidly as possible and give nore as needed.
If the patient is unstable renmenber your ABC s and intubate
patient.

b. This nay be repeated once if patient still seens
henodynamni cal | y conpromi sed due to dehydration

c. Further fluid boluses should be guided by the CVP, BP, etc.
Mai nt enance and deficit repl acenment

a. After the bolus, start 1/2 NS with 20 Meg/L KO and 20 Meqg/L
KPhos at ~1.5 x mmintenance plus ~8%deficit to be replaced
evenly over 36-48 hours (maximumtotal rate of 2X maintenance as
fluid overload may pronmpote cerebral edemn). As the patient’s
aci dosis corrects, hypokal em a and/ or hypophosphateni a may occur
and necessitate increasing the KO and KPhos to 30 Meqg/L each.

b. Add glucose (D5-D10) to the IV fluids as the patient's
gl ucose approaches 250-300 ng/dl to prevent hypoglyceni a and
hypoosnol ality.

(1). If patient is hypoglycenmic but alert you may give
orange j ui ce.

(2). If patient is hypoglycen c and unconsci ous may give
gl ucagon (< 10 kg use 0.1 ng/kg, > 10 kg use 1 ny/dose 1V,



IMor SQ and glucose, (0.5 g/kg of D25W and increase

gl ucose concentration in |IV. Stop the insulin infusion
tenmporarily, resumng it when soon as the hypogl ycem a has
resolved. (Insulin is needed to clear the acidosis, even
with a normal gl ucose).

c. Replace deficit fluids over 48 hours.

d. Continue 1.5X namint. fluids until glucosuria and |arge UOP
tapers off, then continue maint. fluids until the patient is
ready to advance to an enteral diet.

e. Frequently reassess the patient’s neurologic, fluid, and

| aboratory status. Gradual inprovenent in neurol ogic status,
resol ution of metabolic acidosis, and avoi dance of iatrogenic
hypogl ycem a and el ectrolyte abnormalities are the main goals of
nmoni toring and therapy.

f. A flow sheet of all labs and interventions, such as changes
in IVF or insulin rates is an invaluble tool in follow ng the
patient’s progress.

Insulin
1. Gven as an |V solution piggybacked into main IV |ine

2. It has never been shown that an initial bolus of IV insulin
beneficial prior to starting the continuous infusion of insulin.

3. Run infusion at 0.1 units/kg/hr until reassess, may increase if
gl ucose not falling as expected.

4. Continue until patients serum HCO3™ is > 15 nEqg/L.
5. Record all changes on a fl ow sheet

6. Made as a solution of 125 units Regular insulin in 250 cc NS (0.5
units/cc) Flush line with insulin as insulin binds to IV tubing.

7. 1f glucose is < 200 then increase the glucose concentration and
follow the glucose nore closely. If the glucose is < 150 and the HCO3
is < 15 increase the glucose nore and follow the glucose even nore
closely. You may need to increase the glucose rate again. If the

glucose is < 150 and the HCO3" is > 15 increase the glucose and
decrease the insulin drip

8. Aimto keep B.G 150-250 until acidosis resolved, pH> 7.25, HCO;
> 15.

Fl ow sheet



The trend of events during the course of treatnment is often nore inportant
than is the patient's condition at any point in time. A flow sheet is the
nost inportant facilitator and gauge of proper managenent and shoul d al ways be
at the bedside.
Recommendati ons for frequency of lab tests, checks of vital signs, etc. are
only a mininmumrequirenent for nost cases of DKA. There may be situations
where nore frequent testing and docunentation is required.

D. Bicarbonate Therapy

1. The use of sodium bicarbonate in DKA is very controversi al

a. Argunents Agai nst

(1). HCO is produced endogenously with appropriate insulin
therapy by oxidation of ketoacids.

(2). Al kalosis shifts the O2-dissociation curve to the |left
decreasi ng oxygen release to the tissues and potentially
i ncreasing lactic acidosis.

(3). Increases potassium needs by accelerating the entry of
potassiumintracellularly.

(4). May lead to worsening of cerebral acidosis.
(5). Al kalosis decreases ionized Calcium

b. Conplications with pHat 7.0 or |ess

(1). Diminishes respiratory mnute vol unme
(2). May produce hypotension with peripheral vasodilatation
(3). Inpairs nmyocardial function and increases the risk of

arrhyt hm as.
(4). May be a factor in insulin resistance
2. Consider using bicarbonate at pH of 7.10 or bel ow
a. Gve 1 nEg/kg over 1 hr 1V.

b. Repeat as necessary to achieve a pH >7.10 as gui ded by ABG s.

I1l. Interpretation of Laboratory Tests
A. Ketones

1. Acetest neasures acetoacetate (and acetone) only, whereas B-
hydroxybutyrate is the major (80% ketone body in early DKA



2. In the severely hypoxic patient alnpst all ketone bodies nay be
B- OHB and Acetest negative

3. Urine ketones may paradoxically increase even in the face of
i mprovi ng serum acidosis as B-OHB is converted to acetoacetate.

Sodi um

1. Hyperglycemia falsely lowers the serum Na: for each 100 ng/d
i ncrease in serum glucose over 100 ng/dl, there is a decrease in
serum sodi um of 1.6 nEq/L.

2. Significant hyperlipidema also falsely | owers the serum sodi um
The Na decreases 2 nEq/L for each 1.0 gnidL increase in
triglycerides.

3. True Na = neasured Na + 1.6 X [(glucose - 100)/100].

Failure of the “true” or “corrected” Na to increase with treatnent

may suggest that excess free water is present and may increase the

risk of cerebral edema. Be especially concerned if hyponatrem a was
present at the start of treatment as the risk of cerebral edena may
be increased further.

Pot assi um

1. Acidosis causes increase in serum potassium secondary to the
intracellular to extracellular shifts. This scenario nmay not be a
mechani sm of relative inportance in DKA. Wth a lack of insulin,
pot assi um noves fromthe ICF to the ECF. Wth the osnotic diuresis,
pot assi um can be lost in great quantities.

2. Nornmal plasma concentrations may be present which do not reflect
the intracellular deficits

3. As the acidosis resolves, potassiumshifts intracellularly, so
pot assi um needs | essen. Frequent assessnent is needed to avoid

hypo or hyperkal em a.

Chl ori de

1. Falsely lowered with hyperglycem a and hyperli pi dem a

2. Deficits are about 2/3 that of sodium but since replaced as
NaCl, a mild hyperchlorem a (110-115 nEqg/1) is frequently seen during
the treatnent of DKA

3. Hyperchlorem a may decrease bi carbonate reabsorption which will

del ay recovery fromthe acidosis. One of the chief benefits of
providing K as KPO4 is that it decreases Cl administration
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E. Anylase

1. Oten elevated in DKA does not always indicate pancreatitis as
it is usually of salivary origin and plasma |ipase is usually normal.

F. Phosphate
1. Acidosis causes intracellular to extracellular shifts which may
cause elevated level initially. |In addition, osnotic diuresis is
responsi bl e for phosphate | osses.

2. Level frequently falls during the course of therapy

3. Wth replacenent, can see a decrease in My and Ca. Rare to see
tetany.

4. A low |l evel of serum phosphate (< 1.0) nmay produce a tendency to
prol ong tissue hypoxia.

G Creatinine
1. May be falsely elevated

2. Presence of acetoacetate in the blood interferes with the usua
| ab met hod of deternining creatinine

3. | f abnormal, recheck prior to discharge after acidosis and
ket osi s have resol ved

H. Magnesi um

1. May be lowin DKA but treatment is rarely needed unl ess the
patient is synptonmatic

I. Leukocytosis
1. Be wary of elevated WBC count
2. Though | eukocytosis nay be attributable to increase intrinsic
catechol ani nes associated with DKA, it may be due to infection.
Transitioning fromlV to SQinsulin

A. Preferable to do this at the norning or evening neal, once the
aci dosi s has resoved (serum HCO3~ > 15 nmEq/L.



B. Assure that nmeal tray is at bedside. Gve SQinsulin dose (do not
stop IV insulin infusion):

1. Gve usual dose if known di abetic
2. |If new diabetic, calculate approximate insulin needs:
a. Start with 0.5-0.75 units/kg/day
b. Divide 2/3 of total dose as AM dose, and 1/3 as PM dose
c. AMdose is divided 2/3 NPH and 1/3 regul ar
d. PMdose is divided 1/2 NPH and 1/2 regul ar

e. Adjust dosing as necessary during hospital stay, but do not
try to "fine tune"

C. Allow patient to eat.
D. Stop IVF and insulin 30 min after SQ insulin dose.
E. Mnitor QAC and QHS dextrosticks (or nore frequently if indicated)

V. Diabetic Comn

10% of patients with DKA will present in a comatose state. Diabetic Coma
appears to correlate better with serumosnolality better than other | aboratory
values. A head CT Scan is indicated in patients presenting in com to assess
for evidence of CNS infarction secondary to hyperviscosity. The depressed
mental status tends to inprove with treatnment. 1In an infant in DKA who
presents with fever and a cl ouded sensorium sepsis or neni ngoencephalitis
shoul d be considered. Spinal tap should probably be deferred until after a
head CT is obtained to assess for ICP and the potential for herniation.

If the patient’s G asgow coma score is < 8, intubation is indicated and
consultation for ICP nmonitoring should be sought. |If, as the hyperglycema is
corrected, there is no i nprovenent or a worsening of nmental status, an ICP
noni tor is indicated.

I ntubation of these patients should be performed with rapid sequence techni que
i ncludi ng the use of appropriate sedati on and neuroprotective agents.

Et omi date 0.3 ng/ kg, lidocaine 1 ng/kg, vecuroniumO0.2 ng/kg is one
appropriate reginen. Atropine is added in children less that 1-2 years of

age. Fentanyl and Versed is an acceptable alternative to Etonmidate. Ketanine
i s contraindi cated.

VI. Cerebral Edema

There are 75 deaths from DKA per year anong 100, 000 di abetics under 15 years
of age in the United States, and neurol ogic collapse from cerebral edena
accounts for a large proportion of these deaths. |In contrast to a diabetic
coma which is present at the tinme of presentation, the patient’s mental status
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declines once treatment begins. It occurs nore frequently in new onset
di abetics.

VI,

A. Signs/synptons

1. Severe Headache
2. Changes in arousal or behavior, |ethargy, |oss of consciousness
3. Incontinence
4. Fixed/dil ated/sluggish pupils
5. Blood pressure changes, bradycardia, tenperature instability.
6. Seizures
B. GOccurs between 2.5-48 hours after starting therapy.
C. No clear etiology; possible etiologies include the presence of
hyponatrem a, overly aggressive fluid rehydration, and the use of
Bi carbonate. (all are controversial)
D. Early treatment for increased |ICP includes rapid sequence
i ntubation, mannitol (0.25 gmkg IV), avoiding excessive fluid
adm ni stration, and possibly mld hyperventilation (pCO2 30-35).
E. Very inportant conplication of DKA to anticipate, diagnose pronptly,
and treat inmmediately. Once CNS findings occur, CT may show diffuse
cerebral edema at base of the brain, subarachnoid henorrhage, or
i nfarction.
F. Ways recomrended to avoid herniation
1. Avoid over aggressive fluid adm nistration

2. Avoid Na-bicarb unl ess necessary.

3. Extend fluid replacenent for deficit over 48 hours especially if
hyper osnol ar .

4. Avoid rapid declines in Na or glucose. Patients with
hypernatremnmi a on presentation may be placed on 0.9 NS for nmintenance
fluids.

5. Treat for synptons of increased |ICP early.

Shock

An ETT, central venous line, arterial line, and foley are indicated for
patients in shock

VI,

Pul monary Edena



Pul monary Edema is rare but occurs. The etiology is poorly understood. Sone
have suggested it could be from neurogenic edenma in those with CNS
mani f est ati ons.

I X. Acidosis

Del ayed cl earing of acidosis may be related to increased requirenments for
i nsulin, hyperchlorem c acidosis, or further needs for fluid resuscitation
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ECTROLYTE AND FLUI D ABNORMALI TI ES



I ntroduction: To understand fluid and el ectrolyte abnormalities we nust first
consider fluid conmpartnents. Roughly speaking, we are conprised of two
conpartnents, extracellular fluids (ECF) and intracellular fluids (ICF). The
extracel lul ar space makes up 1/3 of our body fluids and the intracellul ar
space 2/3. The extracellular space refers to fluids outside our cells which
may be interstitial or plasma. The intracellular space refers to fluids inside
the cells thenselves. Sinply put, the extracellular conpartnment is influenced
by the kidneys while the intracellular space is controlled by the
extracel lul ar space. Also, the extracellular space may undergo | osses via
sweat, respiration, urine output, and G | osses.

A. Qur total body water = 0.6 X weight (kg), for children and adults
and 0.78 X weight (kg), for neonates

B. Mintenance fl uids:

1. BODY WEI GHT (kg) FLUI DS
0 - 10 100 cc/ kg/ day
11 - 20 1000 cc + 50 cc/kg for each kg above 10
> 20 1500 cc + 20 cc/kg for each kg above 20

Fever: intermittent tenperature el evations usually do not
significantly increase daily fluid |osses. If fever is present for
a prol onged period, however, the maintenance fluid requirenent is
i ncreased by 12% for each 1 degree above 37 degrees Centi grade.

2. Maintenance Na+ is 3 nEq/ 100 cc’s.

Mai nt enance K+ is 2 mEqg/ 100 cc’s.
The normal intake of Na+ is between 1 and 3 nEq/ kg/ day.
Honmeostatic nmechani sms maintain the [Na+t] even if intake is
reduced to 0.4 nEq/kg/day in normal patients. The ampunt of Na+
suggested here is adequate for nost children but should be reduced
to 1 nmEq/ kg/day or less in situations where Na+ may be retained
(eg. acute or chronic renal failure).

3. Acute renal failure:

Patients with acute renal failure require neticul ous nmanagenent
of their fluids and el ectrol ytes. Managenment should include tw ce
daily weights, strict I/Os, and close | aboratory nonitoring.

A igo-anuric patients should receive fluid intake equal to
their total output. OQutput nmust include insensible fluid |oss

(400cc/N?/day in afebrile children), plus G, urinary, and any
other losses. Insensible fluid | osses are essentially electrolyte
free and should be replaced with D5W (or D10W. Stool and urine
| osses of electrolytes may be determ ned by | ab nmeasurenent (see
table in chapter describing conposition of fluids |ost). Renenber
that this applies to children, not to neonates. Insensible |osses
in neonates varies with gestational age and birth wei ght. Al so,
i nsensi ble | osses in neonates nmay be dramatically increased by
phot ot herapy or radi ant warners, or reduced by pl ethesnographs.
Children may al so have acute renal failure with large urine
| osses. These patients typically have salt-wasting syndrones.
In both forms of acute renal failure a useful nethod of
managenent shoul d i nclude the foll ow ng:




1. Restore intravascul ar volunme regardl ess of the degree of
renal inpairment. Use isotonic fluids such as NS or 5% al bum n.

2. Use D5Wat 400 cc/ N?/day for insensible |osses.

3. For urine, G, and other fluid | osses, replace the fluid
loss cc for cc with IV fluids chosen to contain electrolytes with
a simlar conposition to the |lost fluids.

4. Avoid admnistration of K+ containing fluids.

5. CALL A NEPHROLOG ST.

C. Dehydration nmay be classified as mld, noderate, or severe.
a. Mld - 3%deficit (child/adult), or 5% (neonate), slight
thirst, flat fontanelle, good tears, noist nucous
menbr anes, good skin turgor, normal urine output
b. Moderate - 6% deficit (child/adult), or 10% (neonate),
irritable, noderate thirst, dry nucous nenbranes, +/- tears,
+/- fontanelle, decreased skin turgor, oliguria
c. Severe - 9%deficit (child/adult), or 15% (neonate),
| ethargic, hyperirritable, intense thirst, dry nucous
menbr anes, no tears, sunken fontanelle, poor turgor,
oliguria or anuria

EXAMPLES OF FLU D MGT. FOR DEHYDRATI ON ARE LOCATED AT END OF CHAPTER.

D. Conposition of commonly used IV fl uids:

(nEqg/ Liter)
_ Na K c HCO3 Ca CHO
NS, (0.9% NaCl) 154 - 154 - - -
1/2 NS, (0.45% NaCl) 77 - 77 - - -
1/4 NS, (0.2% NadCl) 34 - 34 - - -
3% sal i ne 513 - 513 - - -
Ri nger’s lactate (LR 130 4 109 28 3 0 - 10
Pl asmanat e 110 2 50 29 - -

25% salt poor albumn 100-160 <1 <120 - - -

D5W
Diow

- - - - - 5
- - - - - 10

E. Conposition of fluids |ost:

nmEq/ L gm %

FLUI D Na K @] Protein
Gastric 20- 80 5-20 100- 150 -
Pancreatic 120- 140 5-15 90-120 -
Smal | intestine 100- 140 5-15 90- 130 -
Bil e 120- 140 5-15 80-120 -
Il eost ony 45- 135 3-15 20-115 -
Di arr heal 10- 90 10- 80 10-110 -
Sweat :

Nor mal 10- 30 3-10 10- 35 -

Cystic fibrosis 50- 130 5-25 50-110 -
Bur ns 140 5 110 3-5

F. Neonat al

nuances: Newborns cannot concentrate their urine as well

adults and their GFRis lower too so they are nore prone to fluid
overl oad. Conversely, their response to ADH and atrial natiuretic



factor is blunted. As previously nentioned, insensible water |osses
varies with gestational age and size. Fluid nmanagenent in these patients
is even nmore challenging. In the next section urine Na+ values are

menti oned as a diagnostic tool. Due to the newborn’s renal physiol ogy,
urine lytes, while helpful, are not as precise.

1. HYPONATREM A (Na‘t < 135 nEq/L)
A. Hypertonic hyponatrenm a, plasma Gsm (PGCsm) > 295 *
1. Etiologies:

a. hyperglycenmia (1.6 nEq Nat/L decrease for every 100
ng/ dl glucose is increased over 100 ng/dl) eg. DKA
b. mannitol, glycero

B. Isotonic pseudohyponatrem a (POsm = 280-295)
1. Etiologies:
a. hyperproteinen a
b. hyperlipidenia

C. Hypotonic hyponatrem a (PGsm < 280)
1. hypovol em ¢ (decreased total body Na+, and water), treat
wi th vol ume expansi on and Na+
a. Etiologies:
i. renal losses, (urine [Nat] > 20 nEq/L): diuretic
excess, osmotic diuresis, obstructive uropathy,
adrenal insufficiency, Fanconi syndrone,
pseudohypoal dost eronism Bartter’s syndrone,
interstitial nephritis, RTA (bicarb. |o0ss)
ii. 4 losses, (urine [Nat] < 20 nEq/L): voniting,
di arrhea, fistula, post-op tubes, gastrocystoplasty
iii. sweat, (urine [Nat] < 20 nEq/L): CF(hyponatremnic
hypochl oremic, netabolic al kal osis), heat stroke
iv. third space, (urine [Na+] < 20 nEqg/L): effusions,
ascites, burns, nuscle traumm, pancreatitis,
peritonitis
2. euvolemc (+ total body Na+, increased total body
water), treat with water restriction, all show urine [Na+] >
20 nEq/ L:
a. Etiologies:
i. water intoxication: IVF's, tap water enens,
psychogeni ¢ water drinking
ii. excess ADH. SIADH, pain, drugs (MsQ4, cytoxan
vincristine, TCA's, ASA, indonethacin, etc.)
iii. glucocorticoid deficiency
iv. hypothyroidism
v. reset osnpstat: CVA, infection (TB), malnutrition
3. hypervolemc, (increased total body Na+, and water),
treat with Na+ and water restriction
a. Etiologies:
i. edemn formng states, (urine [Na+] < 20 nEq/L):
CHF, cirrhosis, nephrotic syndrone, too nuch free
wat er esp. in neonates
ii. renal failure, (urine [Na+] > 20 nEq/L: acute,
chronic




D. dinical Mnifestations
1. Apathy, agitation, anorexia, nausea, vomting, diarrhea,
weakness, altered mental status, conmm, hypotension, seizures

E. Treatnent
1. Dependent on etiol ogy
2. Euvolem c and hypervolemc states are treated with water
restriction, hypervolem c states also nay need Na+ restriction
3. Hypovolemc states are treated with correction of shock
sal i ne repl acenent
4. Synptomatic hyponatrem a

a. usually an acute decrease in Nat < 120 nEg/L manifested
by seizures or coma

b. synptons will usually resolve with increase in Nat by 3
nEq/ L

c. nEq Na* needed = (desired Na* - current Na*) x 0.6

x wt (kg)

i. 3%saline =513 nEq/L ( approximtely 0.5 nEq/
cc)
ii. give over 1-2 hrs (may give as rapidly as over 15
nm n)
5. Correct hyponatrem a no faster than 0.5 nEqg/ L/ hr
a. osnotic denyelination syndronme may occur with too rapid
of correction

6. Mnitor Nat g 4 hrs until stable trend is noted

7. Correct underlying etiology

8. Correction of chronic hyponatrem a should be done very slowy,
replace 1/2 of the Na+ deficit in the first day and the remai nder
over the next 24 - 48 hours. NOTE: this does not apply to fluid
deficits where in the treatnment of shock fluids nmay be given nore
rapidly.

* Cal cul ated POsm = 2Na + (d ucose/18) + (BUN2.8); will be sinilar
to nmeasured osnolality in the absence of alcohols, mannitol, glycerol
or sorbitol

I11. HYPERNATREM A (Nat > 150 nEq/ L)
A.  Euvolem c hypernatrema (+ total body Na+, decreased tota
body water), urine [Na+] variable, treat with water repl acenent
1. Etiologies: exchange transfusion (infants < 1500 gns), dialysis
(peritoneal or heno for Na+ >180), iatrogenic (IVF s, or
medi cations), increased skin or respiratory |losses, DI (my al so
have hypovol emi ¢ hypernatremni a)

B. Hypovol enic hypernatrem a (decreased total body Na+, and
water), treatnment is volume expansi on and hypotonic saline
1. Etiologies:
a. increased extra-renal |osses (urine [Na+] < 20 nEq/L),
skin: [phototherapy, burns, sweating), or G: AGE (viral or
bacterial), diarrhea, hypertonic enemas, or |ack of intake
(breastfeedi ng problens, starvation)
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b. renal |losses (urine [Na+t] > 20 nEq/L), DI (central or
nephrogenic), diabetes nellitus, osmotic diuresis, rena
dyspl asi a, obstructive uropathy

C. Hypervolemc hypernatrema ( + total body water, increased
total body sodiun), urine [Na+t] > 20 nEq/L, treatnment is use of
diuretics, and water replacenent or dialysis
1. Etiologies: hypertonic salt solutions, steroid excess,
NaHCO3, primary hyperal dosteroni sm

D. Cdinical Mnifestations
1. Apathy, anorexia, thirst, vomting, diarrhea, nmental status
changes, doughy skin, fever, seizures, tremnul ousness

E. Treatnent

1. ldentify etiology and stop the excessive free water |o0ss
2. If Nat > 175-180 nEq/L consider rapidly correcting to 165-170
nmEq/ L
a. CNS bl eeding or venous thronbosis can occur with POsm >
335

b. death fromresp failure occurs when POsm approaches 430
3. Correct hypernatrem a to normal range over 48 hrs
a. rate of decrease should not exceed 0.5-1 mEq/L/hr
b. rapid correction in hypernatrema may result in rebound
cerebral edemn
4. Estimate total body fluid deficit clinically or by change in
wei ght
5. Calculate free water deficit
a. deficit (L) = 0.6 x wt (kg) x [1- (current Na'/140)]

b. deficit will be replaced with free water (i.e. with
D5 1/4 NS, D10 1/4 NS, in children, neonates may need D5, or
D10)

c. free water deficit may be estimated as 4 cc/kg of free
wat er needed for every nEq/L the Na+ is over 145 nmEqg/L.
6. Rermminder of deficit (total body fluid deficit - free water
deficit) is replaced sinmilar to isonatrem c dehydration with NS
7. Fluid nmore hypotonic than D2.5 1/4 NS shoul d be avoided as it
may |yse cells and | ead to cerebral edema
8. Monitor serumsodiumqg 4 hrs until stable trend
a. if falling too rapidly add nore sodiumto | VF' s
9. |If patient shows initial neurologic inprovenent but |ater
deteriorates, suspect cerebral edema and treat accordingly

V. SIADH vs. D

A.  Laboratory data: S| ADH DI
1. serum [Na%] <130 >150
2. urine [Na%] >60 <40
3. serum osnol <275 >305
4. urine osnol >500 <250
5. urine spec grav >1.020 <1.005
6. urine output (cc/kg/hr) <1 >3
7. CVP (inprecise) >8 <4



B. Pt's are to be transferred and treated in the 1CU with continuous
cardiorespiratory nonitoring, frequent physical exaninations with
neurol ogi ¢ status checks, strict recording of fluid intake and out put
(consider foley catheter), frequent and serial |aboratory data, and
consi der central venous pressure nonitoring

C. Causes of SIADH: (SIADH = inappropriately high secretion of ADH in
presence of concentrated urine and euvol em ¢ hyponatreni a)
1. CNS disorders: infection (meningitis, encephalitis, abscess),
hypoxi a-i schem a, trauma, CVA, tunors, psychosis, Guillain-Barre
syndrone, vasculitis, shunt obstructions, cavernous sinus
t hronbosi s
2. Pul nmonary disorders: infections (bacterial, tubercular, viral
mycopl asma, fungal), decreased |eft atrial pressure (pneunothorax,
atel ectasis, asthma, bronchiolitis, CF)
3. Tunors: bronchogeni c carci noma, adenoca. of the pancreas or
duodenum wureter or prostate carcinoma, thynoma, ALL, |ynphoms,
| ynphosar coma, nesot hel i oma
4. Drugs: vasopressin, desnppressin, oxytocin, nicotine,
bar bi turates, narcotics, carbamazepi ne, col chicine, isoproterenol
vincristine, vinblastine, anmtriptyline, ASA, acetam nophen,
NSAI D' s, chl orpropram de, cycl ophosphani de

D. Treatnent of SIADH:
1. This is usually a euvolemc condition so is treated with fluid
restriction (1/2 - 3/4 maintenance). Chronic SIADH that does not
respond to fluid restriction may respond to therapy with |ithium
or denecl ocycline which inhibit ADH acti on.

E. Causes of DI: [excessive flow of dilute urine due to |lack of ADH
secretion (central DI) or failure of the kidney to respond to adequate
anounts of ADH (nephrogenic DI)]:
1. Central: primary (fanmlial and non-fanmilial forms), secondary
to head trauma, CNS tunors, granulomas (sarcoid, TB, Wegener’s,
syphilis), infections (nmeningitis, encephalitis), histiocytosis,
vascul ar anomal i es (aneurysns, thronbosis, henorrhage, sickle-cel
di sease, vasculitis)
2. Nephrogenic: primary (X-linked, or autosonmal recess.),
secondary to renal disease (dysplasia, obstructive uropathy,
reflux, cystic disease, nephritis, RTA, Fanconi’s syndrone),
secondary to electrolyte inbal ance (hypokal em a, hypercal ceni a)
secondary to systenic diseases with renal involvenent (sickle-
cell, anyl oidosis, sarcoidosis, cystinosis)
3. Drugs that inhibit ADH rel ease: al pha-adrenergic agonists,
et hanol , nal oxone, di phenyl hydant oi n, cl oni di ne, carbon nonoxi de
poi soni ng
4. Drugs inhibiting peripheral action of ADH lithium
demecl ocycl i ne, nethoxyflurane, anpho. B, cisplatin,
cycl ophospham de, propoxyphene, angi ographic dyes, osnptic
diuretics (mannitol)
5. Others: septo-optic dysplasia, cleft lip/palate, famlia
cerebel | ar ataxia

69



F. Treatnment of DI:
1. This is usually a hypovolem c, hypernatrenic situation
Gve fluids if shock is present. A water deprivation test
di agnoses the condition. For an exanple on how to treat
hypernatreni ¢ dehydrati on see the end of the chapter

G If uncertain whether pt. has DI or SIADH, or the pt. is alternating
between the two (as may happen with head traumm):
1. A useful fluid reginen is: D5 1/2 NS + 10 - 20 nEgq/L of KC at

400 cc/N?/day as mai ntenance fluids, then replace urine output cc

for cc with D2.5 1/4 NS q 4 hours. Adding D5 1/4 NS woul d cause

hypergl ycemia. May add KCl to the urine replacenment fluids by

measuring the amount of K+ in the urine and adding this amunt to

the fluid used for urine replacenent. Make sure the patient does

not get too much fluid. Momnitor 1/Os every few hours ! (see DKA chapter
or Acute Tunor Lysis chapters for nonmogram and cal cul ati on of body
surface area)

V. HYPOKALEM A (Kt < 3.5 nEq/L)

A.  Etiologies:
1. Decreased intake: intractable voniting, starvation
mal nutrition, kwashiorkor, anorexia nervosa, TPN error
2. G losses: chronic diarrhea (10-80 nkEq/L), fistula, |axative
abuse, col ostony, nasogastric drai nage, ureterosignoidostony
3. Renal losses: tubul ar di seases, Cushing's syndrone,
hypomagnesem a, hyperal dosteroni sm neds. (ani noglycosides,
anphotericin, ticarcillin, NSAID s, diuretics), nephritis,
licorice ingestion, Fanconi’'s syndrone, distal RTA, toluene
sniffing, Bartter’s syndronme, Gtelman's syndrone, Liddle's
syndr one
4., Skin |losses: cystic fibrosis, burns
5. Redistribution: netabolic alkalosis frombicarb. etc. (0.1 unit

change in pH = 0.6-1.0 nEg/L change in K*), insulin, Ry agonists

(esp. albuterol), hypothern a
6. Respiratory alkalosis results in a rmuch smaller generation of

H* and thus mnimal KV shifts

B. Cdlinical Mnifestations
1. Weakness, paralysis, hyporeflexia, ileus
2. Atrial and ventricular premature contractions, ST depression
flattened T wave, presence of U wave, prolonged QU interva
3. Hypokal emi a enhances digitalis toxicity

C. Treatnent
1. Correct the underlying disorder
2. Oal route preferred: 1-3 nEq/kg/d; correction may take 5-7
days
3. If Kf< 2.5 replace intravenously 0.5 nEq/ kg over 1 hr
4. Rates of 0.25 - 0.5 nEq/ kg/ hr are considered safe.
5. IVF concentration of < 40 nmEq/L considered safe
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VI .

HYPERKALEM A (K* > 6.5 nEg/L)

A

B

C.

Eti ol ogi es:

1. Inpaired renal excretion: renal failure, adrena
i nsufficiency, obstructive uropathies (type |V RTA)
2. Increased intake: penicillin, K' salts, iatrogenic (IVF s),

stored PRBC or platelet transfusions

3. Endogenous rel ease: rhabdonyolysis (traumm, heat stroke),
burns, tunor |lysis syndrome, hemplysis, HUS, succinylcholine,

neur omuscul ar bl ocki ng agents (pancuroni um

4. lonic shift: metabolic acidosis (respiratory acidosis has very

little effect on K'), DKA

5. Drugs: digitalis overdose, glucose, nmannitol, Beta-blockers,
ACE inhibitors, NSAIDS, K% sparing diuretics, chenotherapy

6. Pseudohyperkal emi a: henol yzed speci nen, thronbocytosis,

| eukocytosi s

Clinical Manifestations

1. Weakness, paralysis, paresthesia
2. Increased PR interval, w dened QRS, and peaked T waves | eading
to ventricul ar dysrhythm as

Tr eat nent

1. Treat the underlying condition, remove K" fromIVF s or

di et

2. The acuity of the rise in K may be nore inportant than the
absolute level. Chronic K of 6.5 would not produce EKG
changes. However, treatnent of chronic elevation of Kis
different than treatnent of acute changes.

3. An acute rise in Kt with a level > 6.5 nEq/L needs i nmedi ate
treatment. You may not see EKG changes at that nonment.
a. Calciumchloride (10%
i. 10-25 mg/kg or 0.1-0.25 cc/kg IV over 10 - 30
mns., may repeat dose x 1
ii. antagonizes neuronuscul ar effects
iii. onset is within minutes; duration for 30 mn
b. Insulin and gl ucose
i. glucose (0.5-1 gmkg) + insulin (0.1-0.2 units/kg)
IV push with subsequent infusion established.
ii. max 10 units insulin
iii. monitor glucose during infusion; may repeat if
gl ucose > 80 ny/d
iv. redistributes K* fromECF to |ICF
v. onset < 30 min; duration several hours
c. Sodi um bi carbonate
i. 1-2 nEq/ kg IV over 10-30 m nutes

ii. redistributes K* fromECF to ICF
iii. may be used in conjunction with other treatnent
options, has little effect if used al one
iv. onset 3-4 hrs
d. Kayexal ate (sodi um pol ystyrene)
i. 1 gmkg (max 30 gns) in 70 % sorbitol po, ng, pr
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A/

ii. renoves potassium from body and substitutes with
Na+, follow |lytes closely
iii. my repeat gq 2-4 hrs
iv. onset 1 hr
v. 1 gm kg renpves approx. 1 mEq/L of K' if given po,
1 gnm kg renoves approx. 0.5 nEqg/L of K+ if given pr
e. Al buterol nebulization
i. dose for children: < 10 kg use 2.5 ng, 10 - 40 kg
use 5 ng, > 40 ng use 10 ng (0.3 ng/ kg/ dose to max. of
10 ny)
ii. in adults, 10-20 ny/dose
f. dialysis if all else fails, call nephrol ogy

HYPOCALCEM A ( Calcium< 8 nmg/dl in children, < 7 ng/dl in neonates)

Calciumin general: Total serumcalciumis conprised of ionized or
unbound cal cium (40%, protein bound calcium- principally to

al bumin (50%, and 10%is conpl exed. A change in serumal bunmin of 1

g 100 m changes the serumcalcium in the same direction, by 0.8

mg/ 100 m . Al kal osi s decreases ionized calcium and acidosis increases
the ionized calcium The ionized portion carries out the netabolic
functions. In hypoproteinenic states a |ower total serumcalciumis
tolerated as long as the ionized calciumis normal.

A. Etiol ogies of hypocal cem a:
1. Blood transfusion (chelation with citrate), sepsis, burns,
toxi c shock syndrone, respiratory al kal osis, hypoparathyroi di sm
post - neck surgery, Di George Syndrone, vitanm n D deficiency,
hypomagnesem a, hyperphosphateni a, drugs (am nogl ycosi des,
gl ucocorticoids, furosem de, phenobarbital, phenytoin,
gl ucagon, calcitonin, mthramycin, bicarb, enemas, phosphates),
renal insufficiency, nephrotic syndrone, pancreatitis

B. dinical Mnifestations
1. Muscle twitching, paresthesias, spasns, |aryngospasm
sei zures, Chvostek's and Trousseau's signs
2. Prolongation of QT interval, T wave inversion, bradycardia

C. Treatnent
1. Correct underlying disorder (i.e. correct hypomagneseni a if
present)

2. Single dose for cardiac arrest or severe hypocal cemia (Ca*tt<
0.8 mmol /L) is below, give over 10 m nutes:
a. Calciumchloride (10% 10-20 nmg/kg or 0.1-0.2 cc/kg
IV (acts inmediately, requires no netabolism
b. Calciumgluconate (10% 100 ng/kg or 1 cc/kg IV (my
take longer to act as requires |iver netabolism
c. Calciumgluceptate (22% 110 nmg/kg or 0.5 cc/kg IV (may
take |l onger to act as requires |iver netabolism
3. Miintenance therapy is with cal cium gluconate (10% 200-500
ng/ kg/ d gi ven continuously or divided into 6 doses
4. Need for subsequent doses is guided by the ionized cal cium
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5. Pt's with acute renal failure and/or severe hyperphosphatem a
usual ly tolerate hypocal cem a well and treatnment should be
reserved for those with CNS irritability

VI11. HYPERCALCEM A (Cal cium > 10.5 ng/dl)
A.  Etiologies:

1. Malignancy ( netastatic bone), hyperparathyroidi sm
granul onat ous di sorders (sarcoidosis, TB., histo., coccidio.),
i mmobilization, mlk alkali syndrone, parenteral nutrition,
vitamin D or A intoxication, hyperthyroidism WIIlian s syndrone,
thi azi de diuretics, subcutaneous fat necrosis, hypophosphatasi a,
Jansen syndrone, mnultiple endocrine neopl asias

B. Clinical Mnifestations
1. Weakness, anorexia, constipation, voniting, hypertension
hypot oni a
2. Shortened QT interval, U waves

C. Treatnment
1. Hypercalcemia with total calciumof > 15 ng/dl or synptonmatic
i s considered an energency
2. ldentify and treat the underlying cause
3. Saline hydration
a. 200-250 m/kg/d
b. increases urinary excretion
c. not to be used in CHF or renal failure
4. Furosen de
a. 1-2 ngl/kg/dose every 4 hrs
b. this calciuretic agent enhances excretion
c. fluid overload, hypokal emi a and hyponmagnesem a may
result from aggressive use of |VF's and furosenide, follow
lytes closely
d. ionized calciumbegins to decline within 4 hrs of
t her apy
5. Calcitonin
a. mmy be necessary with severe or persistent hypercal ceni a
b. 4 units/kg q 12 hrs
c. decrease in ionized calciumis generally not sustained
d. inhibits bone resorption
6. Steroids
a. wused in hypercal cem a due to malignancy, granul omatous
di sease or vit. D toxicity
b. 10 ng/kg/d of hydrocortisone equival ent
c. onset of action is in 1-2 days
d. decreases intestinal calcium absorption
7. Mthramnycin
a. effects are nost significant in hyperparathyroidismor
mal i ghancy
b. 15-25 ncg/kg IV over 3-8 hrs
c. decrease in calciumbegins within 24 hrs and peaks at 3-
4 days
d. decreases bone resorption
8. Henodialysis or peritoneal dialysis with calciumfree
di al ysate is effective
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9. Binding of serumcalciumw th chel ators and phosphate may be

ef fective but has been associated with soft tissue deposition of

cal ci um conpl exes and should be used as a | ast resort; (phosphate
0.15 - 0.3 nml/kg IV over 6 hrs)

I X. HYPOPHOSPHATEM A (Phosphorus < 2.5 ng/dl)
A.  Etiologies:

1. Decreased tubular transport: hyperparathyroidi sm
2. Redistribution: alkalosis, insulin, Beta-agonists, increased
gl ycolysis
3. Inadequate intake: patients on TPN, breast fed prem es
4. d losses: malabsorbtion, NG suctioning, phosphate binding
agents, enteric fistulas
5. Renal |osses: diuretics, tubular defects, DKA, Fanconi’s
6. Increased utilization: refeeding after severe protein-calorie
mal nutrition
7. Oher: hypotherm a, Cushing' s disease, burns, vit. D
deficiency, gentam cin, thyrotoxicosis

B. Clinical Mnifestations
1. Cardi omyopathy, respiratory nuscle weakness, red bl ood cel
dysfunction (henmplysis, decreased 2,3 DPG |l eading to tissue
hypoxi a), |eukocyte dysfunction, thronmbocytopenia,
rhabdomyol ysis, altered nmental status

C. Treatnment
1. Severe (phos < 1 ng/dl) or synptomatic hypophosphatemn a
a. 0.15-0.33 mml/kg/dose over 6 hrs

b. Potassi um phosphate: 4.4 nEq Kt/m and 3.0 nmol Phos./mn

c. Sodi um phosphate: 4.0 nEq Nat/m and 3.0 mmol Phos./m
2. Maintenance requirenments are 0.1-0.2 mml/kg/d
3. Adverse effects of admnistration include hypocal ceni a
(especially if infused faster than over 6 hrs), netastatic
calcification, hypotension, hyperkal em a or hypernatremn a
(dependi ng on preparation used)

X.  HYPERPHOSPHATEM A ( Phos. > 6.8 ng/dl in children, > 4.5 ng/dl in adults,
> 9 ng/dl in neonates)
A.  Etiologies:
1. Result of renal failure, overdose of phosphate enenmms, tunor
lysis, IV boluses of phosphate, hypoparathyroidi sm
rhabdomyol ysi s, severe henpl ysis, endosteal hyperostosis,
vit. D intoxification

B. dinical Mnifestations
1. Hypocal cenmi a, cal cium phosphate soft tissue deposits,
sei zures, conma and death

C. Treatnent

1. For life-threatening hyperphosphatem a: fluid admnistration
to enhance excretion, |1V calciumand dialysis
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Xl. HYPOVAGNESEM A ( Mg** < 1.5 nEq/ L)
A. Etiologies:

1. Nutritional deficiencies: starvation, TPN, prematurity, |UGR
2. G losses: mal absorption, chronic diarrhea, NG suctioning
3. Renal losses: diuretics (furosem de), drug induced tubular
dysfunction (am nogl ycosides, ticarcillin, anpho B, cisplatin,
cycl osporin, carboplatin, ifospham de), Fanconi syndrome, pyel o,
gl omerul onephritis, Bartter’s syndronme, G tel man syndromne
4. Endocrine and netabolic: hyperal dosteroni sm DKA,
hyper par at hyroi di sm hyperthryoi di sm hypophosphaten a, insulin,
5. Other: sepsis, burns, lipolysis, hypotherm a, hepatobiliary
di sease

B. dCdinical Mnifestations
1. Apathy, delirium com, trenors, tetany, seizures, CHF
2. Prolonged PR, QT and QRS intervals; T wave inversion,
ventricular arrhythm as

C. Treatnent

1. Supplenent diet with magnesiumif serumlevel is > 1.2 nEq/L

2. For serumlevel < 1.2 nEq/L
a. Magnesium sulfate (10% 25-50 ng/kg/dose
b. Should be given no nore rapidly than 150 ng/ m n al t hough
can give 25 nmg/mn in energent situations
c. Rapid adm nistration may cause hypotension, flushing,
respiratory depression, and arrhythm as

XI'l. HYPERMAGNESEM A ( Mg*t > 2.0 nEq/L)
A.  Etiologies:
1. Rare in the PICU except in children with renal failure or

i atrogeni c
2. Ohers: maternal magnesium therapy, magnesium | axatives,
antaci ds, or enemms, lithium

B. Clinical Mnifestations
1. Hyporeflexia, respiratory depression, conm, hypotension
2. Prolonged PR, QRS, and ST intervals, bradycardia
3. Synptoms seen with levels > 5 nmEq/L

C. Treatnment
1. Discontinuation of nmagnesium adm nister normal saline and
furosem de, IV calciumto reverse the neuronuscul ar and
cardi ovascul ar effects of nagnesi um
Dehydrati on exanpl es foll ow.

XI'll. Dehydration exanples: (refer to maintenance fluid and el ectrol yte
requi renents at beginning of this chapter.) This is one reasonabl e approach
others exist as well. A nephrology consult should be consi dered.

A.  Phased approach
1. PHASE 1 - Energency restoration of volune in first 1 - 2 hours,
10 - 20 cc/kg of isotonic saline, LR, blood, etc. as
rapidly as situation dictates (nmore may be needed in
shock)
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2. PHASE 2 - Repl acenent of 1/2 of the fluid |oss (deficit and
mai nt enance) in first 8 hours

3. PHASE 3 - Repl acenent of remaining 1/2 of the fluid | oss
(mai ntenance and remai ning deficit) in next 16 hours.
Repl acenent of potassium after voids with nax. of 40
nEq/ L. 1/2 of K+ replaced in first day.

B. Exanple: One year old child who weighs 10 kg on Monday and 9 kg on
Thur sday when he sees you.
Assune that in cases of rapid dehydration (< 2 days) the ratio of
ECF to ICF deficits is 75% 25%
In cases of noderately rapid dehydration (2 - 7 days) the ratio
of ECF/ICF deficits is 60% 40% This applies to our case.
In cases of slow dehydration (> 7 days) the ratio of
ECF/ I CF deficits is 50% 50%

Most of our Na+ is |ocated extracellularly at a concentration of
140 nmEqg/ L, while npst of our K+ is intracellular at 150 mEqg/L.
1. Isonatrem c dehydration: (You send |lytes, the child has a Na+ of 135)
Total body fluid deficit = 10 kg - 9 kg =1 kg or 1 liter
ECF water deficit = 60% X 1 liter 600 cc.
| CF water deficit = 40% X 1 liter 400 cc.
ECF Na+ = 60% X 140 nEq/L = 84 nEq.
ICF K+ = 40% X 150 nEq/L = 60 nEq.

Fluids and electrolytes for this patient:

Water (ml) Na+ (mEq) K+ (nEQ)
Mai nt enance/ day 1000 30 # 20
ECF water deficit 600 84 -
| CF water deficit 400 - 30 *
Total s 2000 114 50
per liter 57 25

# mai ntenance is 3 nEq/ 100 cc’s
I mai ntenance is 2 nEq/ 100 cc’s
* 1/2 of deficit replaced in first day

SO

Phase 1 (first hour): 20 cc/kg of NS = 200 cc NS (= 200 cc water,
31 nEq Na+)
Water (cc) Na+ (mEq) K+ (nEQ)

Tot al 2000 114 not replaced

- phase 1 200 31 until voids

New t ot al 1800 83 NA

per liter 46

Phase 2 (hours 2 - 8): we will replace 1/2 of the fluid loss in

the next 7 hours or 900 cc’s in 7 hours which equals 129 cc/hr. W
wi sh to add Na+ in a concentration of 46 nmEq’s/L which is roughly
1/3 NS so we can use D5, 1/3 NS at 129 cc/ hr.
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Phase 3 (hours 9 - 24): the patient voids X 2. W will replace the
remai ning fluid loss and add K+ now. This equates to 900 cc’s over

16 hours of D5, 1/3 NS at 56 cc/hr. W will add potassiumwt
max. of 40 nEq/L and follow the electrolytes closely. As the

h a

patient has a 25 nEq/L K+ deficit and we are replacing 900 cc’s
(or roughly 1 Liter) of fluid we may choose to add 25 nEq/L of
KCl . The | MPORTANT PO NT is to follow the electrolytes closely!

2. Hyponatrem c dehydration exanple with the sane child and wei ght | oss
(he’s having a bad year): The Na+ is neasured and is 120.
Sodi um deficit = (desired Na+ - current Na+) X 0.6 X weight (kg)
= (135 - 120) X 0.6 X 10
= 90 nEq
Fluids and electrolytes for this patient:
Water (m) Na+ (mEq) K+ (nEQ)
Mai nt enance/ day 1000 30 20
ECF water deficit 600 84 -
| CF water deficit 400 - 30
Na+ deficit - 90 -
Total s 2000 204 50
per liter 102 25
Phase 1 (first hour): 20 cc/kg NS = 200 cc NS (= 200 cc water, 31
nEq Na+)
Phase 2 (hours 2 - 8):
_Water (cc) Na+ (mEq) K+ (nEQ)
Tot al 2000 204 not replaced
- phase 1 200 31 until voids
New t ot al 1800 173 NA
per liter 96

W will replace 1/2 of the fluid Ioss (900 cc’'s) in the next 7
hours and we desire to add a Na+ concentration of 96 mEq’ s/L which
is roughly equal to 2/3 NS. So, you m ght use D5, 2/3 NS at 129

cc/ hr.

Phase 3 (hours 9 - 24): the patient voids X 2. W will replace the
remai ning fluid loss and add K+ now. This equates to 900 cc’s over
16 hours of D5, 2/3 NS at 56 cc/hr. We will add potassiumwith a
max. of 40 nEq/L and follow the electrolytes closely. As the
patient has a 25 nEq/L K+ deficit and we are replacing 900 cc’s

(or roughly 1 Liter) of fluid we may choose to add 25 nEq/L of

KCl . The | MPORTANT PO NT, once again, is to follow the el ectrolytes
cl osel y!

3. Hypernatreni c dehydrati on exanple with the same 10 kg ---> 9 kg
wei ght loss from Monday to Thursday. Serum sodiumis 180. This gets
attention.
Phase 1 (first hour): 20 cc/kg NS (or LR) over one hour which
200 cc’'s water, 31 nmEq’s Na+. The next Na+ is 175.

Fluids and electrolytes for this patient:

your

is



Cal cul ate mai ntenance fluids for the next 48 hours and the
free water deficit.
Free water deficit (Liters) =

0.6 X weight (kg) X [1 - (current Na+/140)]
0.6 X 10 X [1 - (175/140)
- 1.5 liters , which neans this patient
is down 1500 cc’'s of free water

Water (m)
Mai nt enance/ day 1000 but we want the requirenment for 48
hrs (2 days) so
Water (m)
Mai nt enance for 48 hrs 2000
Free water deficit 1500
Tot al 3500

W will replace this quantity over 48 hours so 3500 cc/48 hrs =
73 cc/ hr.

The question in this case is what kind of fluids should we use ?
Never use a solution with less sodiumthan 1/4 NS as cell lysis
and cerebral edema may occur!! W nmay initially use D5, 1/2 NS at
73 cc/hr for 4 hours and reassess our urine output and Na+ trend.
Now, what about potassiun?

K+ (nEq)
Mai nt enance/ day 20
| CF (as before) 30
Tot al 50
per liter 25

Once urine output is established we may add K+ (as Kphos or Kd)
dependi ng on the potassium chloride and phosphorus status with a
max. of 40 nEq s/L. W are down 50 nmEq’s of K+, so we

may wi sh to add 20 nEq/L of K+ and reassess. Qur [V rate will give
us 1752 cc’'s/day (73 cc/hr X 24 hours) so at 20 nEqg/L of K+ we
will supply 35 nEq’'s of K+ in 24 hours, and replenish the full 50
nEq deficit in roughly 34 hours. This naturally depends on ki dney
functi on and henodynam ¢ st atus.

The | MPORTANT PO NT is to reassess your Na+ often (g 4 hours to
begin). If the Nat+ is dropping too rapidly (>0.5 - 1 nEq/L/hr),

decrease the infusion rate and/or increase the Na+ concentration
A useful guide is to try to drop the Na+ by 10 mEg/ day.
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EPI GLOTTITI S
l. I nt roducti on

A. Definition: A life threatening bacterial infection of the
epiglottis and aryepiglottic folds.

B. Etiology

1. Before the era of the HI B vaccine, Henophilus influenza type B
was the etiologic agent in > 75% of cases.

2. Group A Strep, Pneunpbcoccus, S. aureus, H. parainfluenza -
ot her eti ol ogi es.

C. Epiden ol ogy
1. No seasonal predoni nance.
2. Most conmon between 2-6 y/o (nmean = 40 nonths).
I'l. Pathophysi ol ogy
A. Pharynx often colonized with potentially pathogenic organi sns.
B. Bacteria penetrate the nucosal barrier and i nvade the bl oodstream

C. Focal infection may occur at the epiglottis and surroundi ng
structures causing inflanmatory edena.

D. Edema leads to reduction in the caliber of the airway, which | eads
to turbulent air flow on inspiration and stridor

I1l. dinical Munifestations
A. Signs and synptons

1. Abrupt onset - usual duration of illness before hospitalization <
24 hours.

2. Stridor and | abored respirations.

3. Febrile - often > 103°F.

4. Sore throat.

5. Aphoni a, hoarseness, nmuffled voice

6. Anxi ous appearance.

7. Prefer sitting position, with jaw thrust forward.

8. Cyanosis in |ater stages.
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9. Drooling.

10. Tachycardi a.

11. Tachypnea (but rarely > 40 b/ nmin).

12. Retractions.
B. Visualization of the epiglottis is hazardous and shoul d not be done
in the child with suspected epiglottitis!! Agitating the child may
precipitate conplete airway obstruction!! Do NOT use a tongue depressor
on these patients !
C. Labs/X-ray - may be obtained only after airway is secured!

1. CBC - elevated WBC with bandem a.

2. Blood cultures - positive 80 - 90%

3. Culture of epiglottis - positive in about 50% Caution - nake
sure the | ab does not set this up as a routine throat CX

4. Lateral neck X-rays, usually tine consuning, are often non-
di agnostic and place the child in an area of the hospital where
energency airway care is suboptinmal. |If epiglottitis is suspected,
radi ographs are absolutely contraindicated until airway stable.

(1) Swollen epiglottis - assunes a configuration that is
convex on both sides, conmonly called the "thumb sign"

(2) Thickened aryepiglottic folds.
(3) Obliteration of the vallecula.

5. Meningitis occurs unconmonly (2-3% of cases). Consider LP in
the ORin children with signs and synptonms of neningitis.

D. Conplications

1. Sudden respiratory obstruction - nost serious and potentially
f atal

2. Extraepiglottic spread of infection - eg. lungs, pericardium
soft tissues, synovium and neninges.

3. Spread to susceptible contacts.

I V. Managenent Protocol - should be followed in ANY situation where the
airway is acutely at risk or suspicion exists for inpending airway conproni se.

A.  True Energency - STAT anesthesia (Beepers #1023, #1085), ENT (Beeper
#2822; Ext 5623/ 5605) and Pediatrics (Beeper #1030, ext 7715/7835)
consults. Arrange for O R (ext 7467/5655). If OR is not immed ately




avail abl e, patient will be taken to the PICU, or the recovery roomif
Pl CU bedspace i s not avail able.

B. Anesthesia and ENT attending physicians to remain with patient at
all times - be prepared to provide an enmergency airway and resuscitate
at any tine.

C. Physical exam WLL NOT include attenpts at visualization of pharynx
by depressing the tongue!

D. Keep child cal mand avoid agitation. Parents should be allowed to

stay with the child until just before intubation. Don't attenmpt to |ay
the patient down. The child may determ ne the position he/she is nost

confortable in.

E. Oxygen may be given by nmask, but not at expense of agitating
patient. Usually child will allow parents to give O

F. May see inprovenent with racenic epi nephrine, therefore, an
i mprovenent with racenmic DOES NOT al ways inply croup

G Prepare the child for transport.
1. Use gurney if possible.
2. Oxygen tank full and open.
3. Anbubag with appropriate size nask.
4. Laryngoscope.
5. Appropriate size ETT and snaller sizes.
6. Trach set.
7. Portable suction.
8. Atropine 0.02 ng/kg (min = 0.1 ng, max = 1.0 ny).
9. Succinylcholine (2 ng/kg) for use by anesthesia.

10. Culture swabs, blood culture bottles, IV equipment, LP tray (if
needed), anti biotics.

H.  Transport the child and parents only when a physician experienced in
i ntubation is present with proper equiprent.

I. Controlled intubation should occur by anesthesia in the OR wth
ENT in attendance in case of need for emergency bronchoscopy or
tracheost ony.

J. Initial intubation should be orally, using an ET tube 1-2 sizes

smal l er than usual. Only after intubation should IV be started and
bl oods drawn for | ab studies and cultures, LP etc.
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K.  Reconmended antibiotic - Cefuroxinme 150 ng/kg/day IV divided q 8
hours, Cefotaxinme 200 nmg/ kg/day IV divided g 8 hours, or Ceftriaxone 100
ng/ kg/ day |1V divided every 12-24 hours. First dose STAT in OR |If
bacterial tracheitis is suspected add better gram A coverage -

eg. Nafcillin, 150 ng/kg/day, 1V, divided q 6 hours . Respiratory

i solation for 24 hours after initiation of antibiotics should be

order ed.

L. After stabilization, consider changing ETT to a nore secure
nasotracheal tube. Document position with CXR

M Humidified air, with or without supplenental 02 as required. ABG s
as needed. Usually an A-line is required to adequately assess course.

N. CPAP if evidence of atelectasis. Suctioning QL-2 hours and PRN

O Sedation - to prevent accidental extubation - Versed (0.1 nmg/kg) or
Morphine (0.1 ng/kg). Renenber Morphine causes hi stam ne rel ease.
Versed is relatively short acting. Sedation nmay be given as bol uses or
conti nuous i nfusion.

P. Soft restraints to prevent extubation.

Q Sonetimes necessary to sedate, paralyze and nmechanically ventil ate
to maintain airway. Versed 0.01 ng/kg PRN or 0.1 ng/kg/hr and Vecuroni um
0.1 nmg/ kg Q 1-3 hours prn or 0.1 nmg/kg/hr is one acceptabl e regi nen.

R Extubate after objective evidence of inprovenent, i.e. devel opnment
of an air leak. Usually 24-36 hours after intubation. Best done in

O R with ENT present.

S. CObserve in ICU for 12-24 hours post extubation. Should receive 7-10
day course of antibiotics (not necessarily all V).

T. Robinul to decreased secretions as needed. Antisecretory dose is
0.004-0.010 ng/ kg/ dose IV q 4-8 hrs.

V. Prophylaxis of contacts of patient with Hinflu. type B epiglottitis.
A. Individuals residing with the index case or individuals who spent 4
or nore hours with the index case for at least 5 of the 7 days prior to
adm ssion need prophylaxis, irrespective of age, if household contains:

1. One inconpletely vaccinated child < 48 nonths.

2. Child < 12 nonths.

3. I nmunoconprom sed child of any age.
B. In famlies receiving prophylaxis, the index case also requires
prophyl axi s.

C. Use Rifampin 20 ng/kg (max = 600 ng) q d x 4 days.
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FEBRI LE SEI ZURES

I ntroducti on:
A. Definition: A seizure associated with fever in a child age 6 nos -
6 years without evidence of other cause (no evidence of traumm, CNS
i nfection or netabolic cause, and no history of epilepsy).

B. I ncidence: 3 -5%of all children

1. Recurrence Risk:

a. 30%w ll have a second seizure
b. 15% will have a third seizure
c. 9%wll have nobre than three seizures

d. 70%of the recurrences are within one year, 90% wi thin two
years.

C. Sinmple Febrile Seizure, Definition
1. Single event
2. Generalized, without focal onset.
3. Duration less than 15 minutes
4. No history of epilepsy
5. Patient ages 6 nbs - 6 years
6. Risk factors for future epilepsy:

a. "Conplex" febrile seizures are defined as |lasting greater
than 15 nin., by being focal, or by being nultiple seizures.

b. Famly history of an afebrile seizure.
c. Neurologically abnornmal before seizure.

d. \When two or nore factors are present, 10% wi |l devel op
epi | epsy.

1. Work Up:
A. History (as per status epilepticus).
B. Careful general exam neuro exam - identify source of fever

C. Lab



1. Lytes, BUN, creatinine, glucose, Ca, M
2. CBCwthdiff

3. Tox screen as indicated by history

4. Blood cultures if toxic appearing

5. Lunbar Puncture

a. |If less than 16 nonths and first seizure
b. If greater than 16 nps and neningitis suspected clinically
c. For new onset febrile seizure consider an LP. |f child | ooks

normal and F.S. was sinple, an LP is probably not necessary.
6. EEG as an outpatient if "conplex" febrile seizure
I1l. Hospitalize if:
A, Abnornmal Exam
B. Abnormal Labs

C. Parental Concerns - it is not unusual to seize again in the first 24
hour s

D. Pediatrician concerns - observation if you are not confortable with
patient.

V. Treatnment: NO TREATMENT IS | NDI CATED FOR THE VAST MAJORITY OF FEBRI LE
SEl ZURES

A. Decreases the risk of recurrent febrile seizures.
B. Does not reduce the risk of epilepsy.
C. Only for nore than 2-3 seizures, early age child.
D. Phenobarbital 4-5 ng/kg/day PO divided b.i.d.

- may cause behavi or changes (50% - hyperactivity).

- discontinue (taper) nedication after 1-2 years if no further
sei zures.

E. Phenytoin is ineffective for febrile seizures.

F. For notivated parents, prophylaxis at the time of a febrile illness
is an effective alternative. Use Lorazepaml1l - 2 ng PO or PR q 8 hours
until the child is without fever for 24 hours or for 3 days, whichever
is less. YOU MUST STRESS THAT SEI ZURE PREVENTI ON MEDI CATI ON I N NO WAY
SUBSTI TUTES FOR THE NECESSARY MEDI CAL EVALUATI ON FOR FEVER !







G BLEEDS

I. Initial Managenent
A. Cdinical Assessnent
1. Henodynamic status

* | nfants and children conpensate well until they becone
critical. Indications of the henorrhage extent may be subtle.

a. BP - not a reliable indicator of shock

b. Pulse

c. Othostatic changes - see bel ow

B. |If henmobdynam c conpronise exists, i mediate resuscitation
1. Intravenous access - Class | (bleed that has stopped) one
intravenous line. Class Il-1V (active bleeding) two intravenous
lines. Infant 20 gauge |V, Child 18 gauge |V, Adol escent 16 gauge
V.

a. Cass I-1V, defined in table at end of chapter. These classes
are defined for adults by the American Col |l ege of Surgeons
and ATLS but are generally applicable for children as well

2. Fluids (LR or NS bol us).
a. 10 cc/kg/10 min until VS s normalized.
3. Blood

a. |f needed urgently - O neg. blood

b. Warmblood if > 20 cc/ kg needed.

c. Estimte 5 cc/kg will increase Hgb by 1, & HCT by 3.

d. Transfuse plt if <50 K

e. FFP if > 40 cc/kg of blood required.

C. Acid suppression
1. Zantac (Ranitidine) 2-3 ng/kg/d IV, divided every 6 hours.

2. Carafate when taking PO (if UG bl eed)

D. Vasoactive agents.



E

1. Somat ostatin produces a decrease in splanchnic flow by inhibiting
the rel ease of vasodilatory gastrointestinal peptides such as

gl ucagon, vasoactive intestinal peptide, calcitonin gene-rel ated
pepti de, and substance P. In adults the patient is bolused with 250
ncg followed by a continuous infusion of 250 ncg/ hr. Bol us injections
have been repeated for bleeding. OCctreotide is a synthetic anal ogue
of somatostatin, and has a longer half life. It has becone the agent
of choice when available. |In adults this anal ogue has been used as a
conti nuous infusion at 50 nctg/ hour. Consult your G physician for

pedi atri c dosing.

2. Vasopressin 0.3 units/kg bolus foll owed by 0.2 uni ts/ 1. 73M2/ mi n.
This can be increased by 0.1 uni ts/ 1. 73M2/ min every hour up to 0.6

uni ts/ 1. 73M2/ mi n maxi mum Ni troglycerin infusion is often used in
conjunction with vasopressin. Nitroglycerin infusion reduces the
adver se henodynani c effects of vasopressin and | owers portal venous
resi stance, futher decreasing portal pressures.The N troglycerin

i nfusi on dose starts at 0.5-1 ncg/kg/min and titrated upward to bring
bl ood presssures into the normal range for patients age.

Vitamn KIMif previous history of |iver disease (1 ng/year of age,

IMor IV). Vit. K nust be given slowmy (over 1 hr.) if given IV.

F.

Once stabilized, evaluation of bl eeding episode

Eval uati on of Bl eedi ng Epi sode

A

Hi st ory and Physi cal
1. Estimate of anmount of bl eeding
2. Color of bleeding

a. Bright red - rapid bl eeding

b. Coffee ground - slower rate of bleeding/blood acted on by
gastric acid

c. Hematochezia

- bright red bl ood per rectum

- nost often lower G bleed (only 10% nassive UG bl eed)
d. Melena

- tarry stools, foul smelling

- bleed in upper G/small bowel or right colon if partially
obst ruct ed.

- > 200 cc in older children is commpon bl ood | oss.

Durati on of bl eeding

87



Ci rcunst ances surroundi ng bl eedi ng

1. Febrile illness

2. Vom ting/abdom nal distention/abdomn nal pain.
3. Ingestions

PVH:  Previ ous abdoni nal surgery, hospitalizations, unmbilical vein
cat heteri zation

FH. Peptic ulcer disease, |iver disease, inflammatory bowel disease
ROS

PE

1. VS

2. Othostatic changes - "tilt test": inc in pulse of > 20 from

supine to sitting or standing or a dec in systolic BP > 10 from
supine to sitting or standing is a positive tilt and suggests
signi ficant vol une | oss.

3. Signs or synptons of chronic liver disease (coagul opathy, protein
| oss, jaundice, FTT etc.)

4. Hepat ospl enonegal y, liver consistency and contour
5. Any cut aneous hemangi omas, pal mar erythem, tel angiectasias

6. HEENT: exami ne nouth, nose, throat for evidence of epistaxis,
bl eeding fromtonsils, dental bleeding.

a. Insert NG tube and guaiac aspirate with gastrocult.

i. establishes level of bleeding ie. negative aspirate
means bl eeding distal to the liganment of Treitz.

ii. enables clearance of blood and clots.

iii. elimnates the possibility of substance m ni cking
bl ood such as:

(1). Bright red bl ood:

(a). food coloring
(b). beets

(c). jello

(d). kool aid

(e). antibiotics

(f). pyronium panpate



(2). Melena:

(a). bisnmuth

(b). iron

(c). spinach

(d). Dblueberries

(e). grapes

(f). licorice

(g). Serratia nmarcesans in diapers

4. Rectal exam and guai ac

a. fissures

b. polyps

UGd bl eed (NG aspirate guai ac positive) on gastroccult. (Gastric
contents should be tested with gastroccult because of false negatives
with hermoccult in acidic environment).

Resuscitate (ie treat for shock as needed). Transfuse if HCT < 25

with active bleeding, < 30 in patients with high oxygen requirenents.

Labs:
1. CBC with platelets

2. Type and cross - CW negative if patient is possible transplant
candi dat e.

3. PT/PTT, fibrinogen
4. LFT's, Lytes, TP, Al b, Ca++, POM--
5. UA
Sal i ne Lavage
1. Elevate HOB
2. Insert NG tube: wuse Replogle (holes are located in dista
portion of tube whereas a Sunp tube has holes all along dista
portion so sone of the holes may be |ocated in the esophagus in a
child and hanper the |avage)

a. Infants - 10 F Replogle

b. 12 F in small children

c. 14-16 F in older children

3. Verify position by injection of 10 cc of air and auscultating
over stomach
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4. Place patient on left side so tube is in npst dependent portion
of stomach.

5. Infuse saline in aliquots using 60 cc catheter tipped syringe,
ROOM t enperature - not iced saline (causes hypotherm a
coagul opat hy) .

a. 30 cc for infants

b. 60 cc for children
5. Allowto stand 2-3 m nutes
6. Renove infusate
7. Repeat until return is clear or only slightly pink
8. Leave tube in place to gravity to all ow reassessnent of bl eeding

E. Endoscopy

1. Energent if life-threatening bleed (ie. copious bl eeding
requiring frequent transfusions or henodynamc instability not
responding to initial medical managenent)
2. FElective, 12-24 hrs after bleed for

a. Hct < 30

b. Requiring continued transfusions

c. Hx of previous unexplained G bl eed

d. Should not have barium contrast for 24 hours prior to
endoscopy.

F. Further WU depends on specific etiology

G In the newborn period, swallowed maternal blood is frequently
m st aken for henorrhage which can be ruled out by the Apt Test:

1. Mx one part guaiac positive stool or NG aspirate with 5 parts
H20

2. Centrifuge
3. Separate supernatant and to 4 cc supernatant add 1 cc 1% NaOH

4. Maternal blood with adult Hgb rerains yell ow brown while baby's
bl ood with fetal Hgb turns pink

IV. Lower G bleed (guaiac pos stool, neg NG aspirate)



A. Resuscitate (ie. treat for shock as needed)
B. Labs:

1. Previously nentioned |abs

2. WBC eos

3. Reducing substances

4. Culture for enteric pathogens
C. Acute Abdom nal Series (R O Qbstruction)

D. Exploratory Laparotomy considered in cases of unrenmtting | ower G
bl eed requiring transfusion/resuscitation

E. Further WU depends on specific etiology and may incl ude:
1. Proctosignoi doscopy
2.  Meckel's scan
3. BE
4. UG with snmall bowel follow through

V. Age Rel ated Etiol ogies

A.  Newbor n:
1. Ingested maternal bl ood
2. Infectious diarrhea

3. Necrotizing enterocolitis

4. Vit K deficiency

5. Hirschsprung enterocolitis
B. Infancy to 2 yrs

1. Anal fissure

2. Infectious diarrhea

3.  Meckel’s diverticul um

4. Intussusception

5. MIlk colitis

6. Polyp
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7.

Esophageal Varices

2 yrs to Preschoo

1

2.

6.

7.

I nfectious diarrhea

Pol yp

Anal fissure

Meckel s diverticul um

I ntussusception

Henol ytic urem ¢ syndrone

Henoch- Schonl ei n pur pura

Preschool to adol escence

I nfl ammuat ory bowel disease
I nfectious diarrhea

Peptic ul cer disease
Esophageal varices

Pol yp
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HYPERTENSI VE EMERGENCI ES

I ntroducti on
A. Hypertensive energenci es exist when marked bl ood pressure el evation
becomes a threat to function of vital organs including brain, heart, and
ki dneys. A mmjor factor determ ning the outcome of children with
hypertensi ve energencies is the speed of initiating an effective plan to
| ower BP.
B. The objective of enmergency treatment is prevention of hypertension-
rel ated adverse events (e.g., stroke, cardiac failure, encephal opathy).
This usually requires only a nodest reduction in BP. Attenpts to
rapi dly achieve normal BP are contraindicated. |In patients with chronic
hypertension, a rapid lowering BP to “normal” can decrease needed
perfusion to the heart and brain resulting in ischema. For this
reason, in individuals with |ongstandi ng hypertension or hypertensi on of
unknown duration, an initial BP reduction (10-20% followed by gradua
normal i zation of BP is recommended. In acute hypertension, the therapy
shoul d be directed towards bringing the BP to nornmal val ues.
Causes of Pediatric Hypertensive Energencies (partial listing)
A. Renal disease (80%
1. Nephritides
a. Henoch-Schonl ei n Purpura
b. Postinfectious glonerul onephritis
c. Systemc lupus nephritis
d. Rapidly progressive glonerul onephritis
2. Vascul ar
a. Henolytic-urem ¢ syndrone
b. Renal artery stenosis & thronbosis*
c. Renal vein thronbosis*
d. Sickle Cell nephropathy
3. Congenital Malfornmations
a. Polycystic kidney di sease*

b. Tuberous scl erosis*

c. Hydronephrosis*



d. Renal hypopl asi a*

e. CObstructive uropathy*

4. M scel | aneous
a. latrogenic fluid overl oad*
b. Renal failure with fluid overl oad
c. Renal transplant (rejection or renal artery stenosis)
d. Reflux nephropathy

e. Renal tunors (WIms, Tuberous sclerosis, congenital
nephromm) *, perirenal masses*

Endocri ne

a. Pheochronocytom*

b. Congenital adrenal hyperpl asia*
c. Hyperthyroidism

d. Neurobl ast oma*

e. Cushings Syndrone*

f. Renin-secreting tunor
Neur ol ogi cal

a. Meningoencephalitis

b. Tunor

c. Guiillain-Barre syndrone

d. Dysautononia

e. Increased intracranial pressure (traunmm)
f. Seizures*

Car di ovascul ar

a. Aortic thronbosis*

b. Aortic coarctation*

c. Aortic insufficiency



d. Subacute bacterial endocarditis
e. Takayasu's arteritis
E. Ohers

Leg traction

Bur ns

Neur of i br omat osi s

W I lians Syndrone

ECMO*

Chronic lung di sease*

Cl osure of an abdoni nal wall defect*

Drugs*: including corticosteroids, NSAIDs, cocaine, anphetam nes,
birth control pills, theophylline, pancuronium phenylephrine

“Rebound hypertension” -occurs with abrupt withdraw of clonidine,
angi ot ensi n converting enzyme inhibitors or beta-blockers

* are causes of neonatal hypertensive energencies.

| medi ate Eval uation (see nornal BP tables at end of Chapter).

A. Admit, preferably to ICU-the need for an ICU is based on the
severity of the HTN and if signs and synptons are present.

B. Obtain a concise nedical history, stressing renal, endocrine,
cardi ac and neurol ogi cal systens, current medications or ingestions and
hydrati on.

C. Perform physical exanmi nation, enphasizing: cardiovascul ar

geni tourinary, dermatol ogi c and neurol ogi c systens. Insure that bl ood
pressure neasurerment in all extremties is correctly perforned with
correct sized cuff and that pain and anxiety are mnimn zed.

D. Gain vascul ar access for therapy.

E. Obtain baseline studies including: CBC and diff, BUN, creatinine,
serum el ectrol ytes, calcium glucose, phosphorus, triglycerides,
cholestrol, lipoprotein analysis (HDL, LDL), ESR, catechol an nes, plasna
renin activity (PRA), al dosterone, urinalysis and urine culture.

Not e:

Cat echol am nes and PRA should be placed i nmediately on ice. These

| evel s should be obtai ned before pharmacol ogi ¢ therapy is adm nistered
when possi bl e.

F. Institute appropriate therapy based on initial assessnment.

G Request CXR, renal ultrasound, cardi ac echocardi ogram and dependi ng
on neurol ogi cal status head CT. OCbtain EKGwi th rhythmstrip



V.

H. Consider intra-arterial continuous bl ood pressure nonitoring. (A-
line). Continuous parental therapy for BP ngt. should not be

adm ni stered w thout continuous nonitoring.

I. Provide adequate control of pain and anxiety.

Tr eat ment

A.  Genera

1. Correct obvious causes (e.g. unbilical catheter, I|ICP, pain)

2. Start antihypertensive therapy. For severe HTN parentera
medi cati ons shoul d be consi dered

3. May want to add further diagnostic |abs:
a. 24 hr urine for VMA, catechol anmi nes, and netanephrines (pheo
neur obl astona), 17 ketosteroids, 17 hydroxycorti costeroids,
al dost erone, pregnanetri ol

b. Serum al dosterone if not done already.

c. |VP, renal angiography, renal scan (anatonic
pat hol ogy)

d. Renal biopsy
e. Thyroid function studies

4. \Wen BP is under control with parenteral nedications, gradually
switch to oral antihypertensives

Ther apy

A. Nifedipine - Mst compnly used nedication for asynptomatic children
who can take nmedications. Calciumchannel blocker that decreases BP by
arteriolar vasodilatation. Nifedipine |owers both systolic and
diastolic BP in children by 30-40 mmHg within 30 mnutes. Nifedipine
comes in a gelatin capsule with 10 ng equal to 0.34 cc of solution. In
ol der children the capsul e should be chewed and swall owed to obtain
optimal results. In small children the solution should be aspirated from
the capsule and adnministered orally. (Mnimal sublingual absorption).

1. Ceneric name: Procardia

2. Formulation: 10 or 20 ng capsul e

3. Dose and route: 0.25 - 0.5 ng/kg, PO

4. Interval: g 30 nmin. X1, then q 3 - 4 hours

5. Onset of action: 30 mn.
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6. Duration of action: 1 - 4 hours
7. Major acute problens: hypotension, dysrhythmn as

B. Hydral azi ne-Vasodilator, although it is |ess potent than other
vasodil atory drugs it can be effective. No |longer comercially

available in IV preparation.
1. Ceneric nane: Apresoline

2. Formulation: 20 ng/ m

3. Dose and route: 0.1 - 0.5 ng/kg/dose; max. dose: 20 ng, |V or

4. Interval: repeat q 20 min. if no response, usual interval q 3 -

hour s
5. Onset of action: 5 - 20 mn.
6. Duration of action: 4 - 6 hours
7. Major acute problens: tachycardia, headaches, flushing, nasa
congestion, palpitations, vonmiting, diarrhea, hypotension

myocardi al ischemia , sodiumand fluid retention

C. Diazoxide-Vasodilator, very effective and rapid onset of action
Must be given by rapid iv push.

1. Ceneric nane: Hyperstat
2. Formulation: 300 ng/ 20 m

3. Dose and route: 1-3 ng/kg, rapid IV push:

4. Interval: For rapid IV push: nmay repeat in 5-15 min. if no
response, or use prn (usual interval 4-24 hours)

5. Onset of action: 1 - 3 mn

6. Duration of action: 30 min. to 24 hours

7. Major acute problens: hyperglycem a, hyperuricemnia, hypotension,

nausea, vomting, flushing, dysrhythm as, sodiumand fluid
retention, tachycardia. Do not use > 10 days.

D. Nitroglycerin-Vasodilator, imedi ate onset of action, nust be given
as continuous infusion. Preferred above nitroprusside in patients with

renal inpairment due the risk of cyanide toxicty with nitroprusside.
Requi res continuous A-line nonitoring.

1. Generic name: NitroBid

2. Formulation: 5 ng/m



Dose and route: 0.5 - 5.0 mcrograns/kg/mn 1V, 150 ncg max
I nterval : continuous infusion

Onset of action: imediate

Duration of action: only effective during infusion

Maj or acute problens: hypotension, abdom nal pain, dizziness,
headache

E. Sodium Nitroprusside-Vasodilator, imedi ate onset of action,

t hi ocyanate poi soning can occur within 12 hours in patients with rena
failure. Check cyanide levels if used > 72 hrs. Requires continuous A-
line nonitoring. Reduces pre-load and after-load. Photosensitive, bottle
and tubing nmust be wapped in tin foil

1

2.

6.

7.

Generic name: Nipride

Formul ati on: 50 ng

Dose and route: 0.5 - 10 mcrograns/kg/ mn., max. dose: 20 ng, |V
I nterval : continuous infusion

Onset of action: imediate

Duration of action: only effective during infusion

Maj or acute problens: cyani de/thiocyanate toxicity which nmanifests

as netabolic acidosis (muintain thiocyanate levels < 10 ng/dl if test
avail abl e), chest pain, abdoninal pain, headaches, rigidity, d
upset, seizures

F. Labetal ol -al pha and beta bl ocker which can be given as |V bolus or
continuous drip. Use with caution in patients with asthma or other |ung
di sease, or cardiac disease. My mask hypogl ycem ¢ synptoms or s/s of
pheochronmocyt oma. May have | ess cerebral vasodilating effects than

di azoxi de or hydral azi ne so may be better in cases of increased I|ICP

1

2.

Generic nanme: Nornodyne

Formul ati on: 100 ng/ 20 m

Dose and route: 0.2 - 3 ng/kg/hour, IV
I nterval : continuous infusion

Onset of action: 5 mn.

Duration of action: only effective during infusion



7. Major acute problens: nausea, PVC s, rhinorrhea, hypotension,
bronchospasm

G Esmol ol -beta bl ocker. Mre rapid onset of effect and nmore rapid
clearance than | abetalol, use with caution in patients with asthma or
ot her lung di sease.

1. Generic nane: Brevibloc

2. Formulation: 100 ng/10 ni

3. Dose and route: 500 ncg/kg IV load over 1 minute, followed by
continuous IV infusion 100 - 300 m crograns/ kg/mn

4. Onset of action: imediate
5. Duration of action: only effective during infusion
6. Major acute probl enms: nausea, dizziness, bronchospasm

hypot ensi on, bradycardi a

Note: |f rebound hypertension is suspected, reinstitution of the
di sconti nued anti hypertensive nedication may rapidly and effectively
control the hypertension.
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The following 4 tables are from

“The Report of the Second Task Force on Bl ood Pressure Contro

in

Children 1987”, PEDS, 79 (1), 1 - 25, 1987.
1. DEFI NI TI ONS
TERM DEFI NI TI ON
Nor mal BP Systolic and diastolic BPPs < 90th
percentile for age and sex
Hi gh normal BP * Aver age systolic and/ or average
di astolic BP between 90th and 95th
percentiles for age and sex
Hi gh BP (hypertension) Aver age systolic and/ or average
di astolic BPs > 95th percentile for
age and sex with nmeasurenents obtai ned
on at |east three occasions
* |f the BP reading is high normal for age, but can be accounted for by

excess height for age or

consi dered to have normal BP.

excess | ean body mass for

age, such children are

2. Classification of Hypertension by Age G oup

Age G oup Si gni ficant Hypertension Severe Hypertension
(mHg) (mmHg)

Newbor n
7 day Systolic BP > 96 Systolic BP > 106
8 - 30 days * Systolic BP > 104 Systolic BP > 110
Infant (< 2 yr) Systolic BP > 112 Systolic BP > 118
Di astolic BP > 74 Di astolic BP > 82
Children (3 - 5 yr) Systolic BP > 116 Systolic BP > 124
Di astolic BP > 76 Di astolic BP > 84
Children (6 - 9 yr) Systolic BP > 122 Systolic BP > 130
Di astolic BP > 78 Di astolic BP > 86
Children (10 - 12 yr) Systolic BP > 126 Systolic BP > 134

Di astolic BP_z 82

Di astolic BP_z 90

Adol escents (13 - 15 yr) Systolic BP > 136 Systolic BP > 144
Di astolic BP > 86 Di astolic BP > 92
Adol escents (16 -18 yr) Systolic BP > 142 Systolic BP > 150

Di astolic BP_z 92

Di astolic BP_z 98

*

al so see tables that foll ow for

neonat es !
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3. Historical Information to Elicit

I nf or mati on

Rel evance

Fam |y history of hypertension
preecl anpsi a, toxem a, renal disease,
tunors

Inportant in essential hypertension
inherited renal disease, and sone endocrine
di seases (eg. famlial pheo. with multiple
endocri ne adenopathy 1)

Fam |y history of early conplications of
hypertensi on and/ or atherosclerosis

Suggests likely course of hypertension and/
or presence of other coronary artery
di sease risk factors

Neonat al history Use of unbilical artery catheter suggests
need to eval uate renal vascul ature and
ki dneys
Headaches, dizziness, epistaxis, visual Nonspeci fi c synpt onat ol ogy, usual |y not
pr obl ens etiol ogi cally hel pfu
Abdomi nal pain, dysuria, frequency, May suggest underlying renal disease
nocturia, enuresis
Joint pains/ swelling, facial or peripheral Suggest s connective tissue di sease and/ or
edena other forns of nephritis
Weight loss, failure to gain weight with I n conbi nation, synptons suggest

good appetite, sweating, fevers,

pal pi tations

fl ushi ng,

pheochr onocyt ona

Miuscl e cranps, weakness, constipation

May suggest hypokal em a and
hyper al dost er oni sm

Age of onset of nenarche, sexua

devel opnent

May be hel pful in suggesting hydroxyl ase
defi ci enci es

I ngestion of prescription and over-the-
counter drugs, contraceptives, illicit
dr ugs

Drug-i nduced hypertensi on

4. Findings to Look for on Physica

Exam nati on

Physi cal Fi ndi ngs Rel evance
Ceneral :
Pal e nucous nenbranes, facial or Renal di sease
Pretibial edema
Pal | or, evanescent fl ushing, Pheochr onocyt oma vs. hyperdynam c

I ncreased sweating at rest
Cafe au lait spots, neurofibromas

Moon face, hirsutism buffalo hunp,
Truncal obesity, striae
Webbi ng of the neck, low hairline,

wi de- spaced ni ppl es, wide
carrying angle
Elfin facies, poor growh,

Ret ar dat i on
Thyroi d enl ar genent

essential hypertension
Von Reckl i nghausen di sease
Cushi ng syndrone

Tur ner syndrone

WIlianms syndromne

Hyper - or hypot hyroi di sm

Car di ovascul ar
Absent or del ayed fenoral pul ses,
low |l eg pressure relative to arm
BP
Heart size, rate, rhythm nmurnurs
Respiratory difficulty, hepato-

Aortic coarctation

Murmur - coarctation; tachycardia and/ or
arrhythm a - pheochronocytoma; | arge
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Megal y

Bruits over great vessels

heart or heart failure - prol onged or
severe hypertension
Arteritis or arteriopathy

Abdonen
Epi gastric bruit

Renovascul ar di seases isol ated or
associated with WIllians or Von Reck-
| i nghausen syndrones, or arteritis

Unilateral or bilateral nasses W I ms tumor, neurobl astoma, pheochronocy-
toma, polycystic kidneys, other tunors
Neur ol ogi c:
Hypert eni ve funduscopi c changes Chroni ¢ hypertension
Bel | pal sy Chroni ¢ hypertension (HTN)

Neur ol ogi c deficits (eg. hem paresis)

Chronic or severe acute HTN with stroke

Neonat al System ¢ Hypertension

The following 2 tables provide further

nf ormati on for neonates.

1. Systolic (S) and Diastolic (D) Blood Pressures in Low Birthweight Infants
Bi rt hwei ght 600 - 999 ¢ Bi rt hwei ght 1000 - 1249 ¢
Day S (+ 2 SD) D (+ 2 SD) Day S (+ 2 SD) D (+ 2 SD)
1 37.9 (17.4) | 23.2 (10.3) 1 44 (22.8) 22.5 (13.5)
3 44,9 (15.7) | 30.6 (12.3) 3 48 (15.4) 36.5 (9.6)
7 50 (14.8) 30.4 (12.4) 7 57 (14.0) 42.5 (16.5)
14 50.2 (14.8) | 37.4 (12.0) 14 53 (30.0) -
28 61.0 (23.5) | 45.8 (27.4) 28 57 (30.0) -
Bi rt hwei ght 1250 - 1499 ¢ Bi rt hwei ght 1500 - 1750 ¢
Day S (+ 2 SD) D (+ 2 SD) Day S (+ 2 SD) D (+ 2 SD)
1 48 (18.0) 27 (12.4) 1 47 (15.8) 26 (15.6)
3 59 (21.1) 40 (13.7) 3 51 (18.2) 35 (10.0)
7 68 (14.8) 40 (11.3) 7 66 (23.0) 41 (24.0)
14 64 (21.2) 36 (24.2) 14 76 (34.8) 42 (20.3)
28 69 (31.4) 44 (25.2) 28 73 (5.6) 50 (9.9)
from Ingelfinger JR, Powers L, Epstein M. Blood Pressure Norns in Lowbirth-

wei ght Infants: Birth through 4 Weeks, Pediatr Res 17: 319A, 1983
2. Mean Arterial BP (MAP) in nmHg (X SD) in Pretermand Term ||| Neonates
Bi rt hwei ght (kg) < 1.0 kg 1.0 - 1.5 kg 1.5 - 2.5 kg > 2.5 kg
Birth 32.9 + 15. 4 39.1 + 18.2 42.4 + 19.6 48.8 + 19.4
7 days 41.4 + 15.4 47.2 + 18.2 50.4 + 19.6 60.2 + 19.4
14 days 44.6 + 15.4 50.1 + 18.2 53.2 + 19.6 64.2 + 19.4
28 days 47.6 + 15.4 53.0 + 18.2 56.1 + 19.6 68.3 + 19.4
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from Stork EK, Carlo WA, Kliegman RM et al: Hypertension redefined for
critically ill neonates. Pediatr Res 18: 321A, 1984
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| NCREASED | NTRACRANI AL PRESSURE

. Introduction
The Monro-Kellie doctrine, based on the concept of a fixed intracrania
vol une, states that an increase in the volune of one intracranial conpartnent
(bl ood, brain, CSF) nust be acconpani ed by a decrease in one of nore of the
ot her conpartnments if intracranial pressure is to renmain unchanged. The CSF
and cerebral blood volune are the two conpartnents best able to be nmani pul ated
to buffer changes in increased intracranial volume. Wen conpensatory
mechani snms becone overwhel ned, life threatening intracranial hypertension can
result fromrelatively small increases in volune. A pathologic increase in
i ntracrani al vol une should be anticipated in predisposing conditions such as
trauma, neningitis, diabetic ketoacidosis, and Reye's syndrone. Additionally,
seem ngly trivial physiologic abnormalities in atrial and venous pressure,
PCO2, Na, and osnmplality can result in catastrophic consequences in patients
with severe conpromni se of intracranial pressure (ICP) honeostatic nmechani sns.
Il. Etiology

A. Diffuse brain swelling from

1. Inpaired autoregul ation of cerebral blood flow (head injury,
Reye’ s syndrone, encephalitis, asphyxia)

2. Cytotoxic edemm (head injury, toxins, asphyxia)
B. Mass Lesion
1. Tunor
2. Bleeding (subdural, parenchynal, epidural, AVM
3. Abscess
C. CSF obstruction (hydrocephal us, mass |esion, neningitis)

D. Hyperosmolar states (DKA, hypernatrem a, non-ketotic hyperglycemc
comm)

I11. Presentation
A.  Headache
B. Voniting
C. Cushings Triad: Increased |ICP, Hypertension, Bradycardia
(tachycardia may be seen early). Bradycardia is usually a late sign and

may heral d an arrest.

D. Papilledem (very sensitive finding, but seen in < 50 % of patients
early on in the course)
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E. Depressed | evel of consciousness
F. Abnormal breathing pattern
G Pupils dilated, unequal, unresponsive

H Difficult to control seizure activity or prolonged seizures are
especially associated with mass | esions, infections or henorrhage.

I. Cranial Nerve findings (especially VI)

J. dasgow Conm Scale (GCS) < 8. However, obtundation, confusion

restl essness, agitation and progressive unresponsiveness to
environnental stimuli are early mani festations of increased |ICP. (see
neurol ogi c assessnent chapter for GCS' s)

K. Decerebrate or decorticate posturing.
L. Bulging fontanelle.
Emer gency Managenent

A. As nothing can be done about the primary injury or neuronal danmage
al ready suffered, the goal centers on preventing secondary injury. In
the i medi ate postinjury period, secondary insults will nost likely
occur as a result of hypoxia, ischemia fromfrank or realtive
hypot ensi on, or the detrinental effects of intracranial henorrhage.

B. Airway (the “A” in ABC s)

1. Must establish quickly to avoid hypoxia. The threshold for
i ntubation should be very lowin a head injured child.

2. Any child unable to open his or her eyes or verbalize
shoul d be considered for intubation.

3. Patients with abnornmal respiratory rate and rhythm upper
ai rway obstruction (loss of pharyngeal muscle activity,
inability to clear secretions, foreign body, direct traunm,
sei zures), loss of protective airway reflexes, sign of |ICP
hypertensi on, or significant pul nonary or cardiovascul ar

di sease shoul d be intubated.

4., C-spine precautions are paramount. The neck shoul d not be

ext ended and i ntubation nedi cati onsshould include a conbination of
sedation (for blunting of cardiovascular refl exes, and blunting of

i ntracrani al responses), lidocaine (for blunting of increased |ICP
response to |laryngeal stinulation) and paralysis (for ease of

i ntubation). The intubation should be done via rapid sequence
protocol which includes the Sellick’s maneuver (cricoid pressure) and
preoxygenation with 100% FI Q2 wi t hout bag ventilatiion (when
possible). (See Rapid Sequence Induction chapter).
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Breat hing (B = breathing)

1. In the head injured patient, hypercapnia nust be avoi ded.
Carbon dioxide is a very potent cerebral dilator, which could
i ncrease cerebral bl ood volume and accordingly increase |CP

Shock (C = circul ation))

1. Once the airway and ventilation have been assured, the
adequacy of circul ation and perfusion nmust be assessed and
restored as needed to prevent secondary injury.

Physi cal Assessnent

1. A detailed history is needed to understand the nechani sm of
injury. |If the patient |ooks uninjured but the mechani smof injury
was significant, |look carefully for occult injury.

2. Mechanismdetails: pt ejected?, ampunt of danmage to the
vehicl es?, estimted speed?, distance of fall?, seatbelt/car seat?,
surface ont which the pt. fell?

3. It also is inportant to ask how the patient responded at
the scene: WAs the patient conscious at the scene and did the
pati ent have a seizure at the scene?

4. Past nedical history; inportant for previous health
probl ems, allergies, tetanus history, and current medications.

Conpl ete physical exam - |ook for signs of occult trauma: bl ood

behind TMs, CSF from ears/nose, retinal henorrhages, broken ribs,
unequal breath sounds, nuffled heart sounds, chest/abd contusions,
extremty swelling.

G

Labs:

1. ABG

2. dextrostix

3. CBC, type and cross (if signif blood | oss suspected)

4. Chem 10, gl ucose, osno

5. LFT's, anyl ase, i pase

6. Amonia (if Reye’'s sydronme or netabolic di sease suspected)
7. Toxicology screen if an ingestion is suspected

8. UA (for evidence of hematuia and renal injury)

108



9. Blood cultures, urine culture (if infection suspected)
H  Medical treatnment of increased |ICP (see bel ow)
I. Consult Neurosurgery

J. CT Scan, continue aggressive brain resuscitation during scan
Performenergently if hx, of LOC, seizure, coma, focal neuro exam
bl ood behind TM s, CSF rhinorrhea or otorrhea.

V. Medi cal Managenent
A. Intracranial Pressure Monitoring

1. The two mmjor purposes for nmonitorin ICP are prevention of
herni ati on and preservati on of cerebral perfusion. Though ICP
nmoni tori ng has not been proven to inprove outcone, it is used
extenisively to guide therapy and likely accounts partially
accounts for the general inprovenent in outcone fromtraunmatic
brain injury that has occurred over the | ast 2 decades.

2. ICP nonitoring is indicated in the follow ng children
a) Those with a GCS of < 8

b) Those with significant trauma requiring non-neurosurgica
procedur es

c) Those who require continued deep sedation or neuronuscul ar
bl ockade for ventilatory managenment ( or other in whom
sequenti al neurol ogi c exans cannot be adequately perforned)

3. The two nobst common net hods of ICP nonitoring are the
ventricul ostony and the intraparenchymal (Canino) catheter

a) The ventriculostony is silastic catheter that is placed
through the frontal | obe into the anterior horn of the
| ateral ventricle. Advantages of this device include
accurate neasurenent of ICP, ability to recalibrate the
device, and ability to drain CSF in an attenpt to | ower |CP.
Di sadvant ages include difficult placenment in a patient with
small ventricles, higher potential for ventriculitis (and
worse outconme)in the case of catheter infection.

b) The intraparenchymal catheter contains a nenbrane
di stortion of which deflects a mirror and attenuates a
fiberoptically transnmtted beamof light. This attenuation
detected by a sensor, provides a nmeasure of the pressure on
the transducer nmenbrane. The device can be placed into the
parenchyma, ventricle or subdural space. Advantages i ncl ude
easy placerment and less risk of ventriculitis.
Di sadvant ages i nclude drift in readings over time and
inabilibty to recallibrate the device as well as inability
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VI .

to drain CSF throught the catheter. |ntraparenchynal
nonitors are ~5X nmore expensive ($4, 000-6,000) than
ventricul ost om es.

4. Al monitors have a risk of infection. Infectious risk increases
with duration of nonitoring, particularly after the 5'" day. The

site of nonitoring is typically changed every 5-7 days. Prophylactic
antibiotics (Ancef) are indicated for the duration of |ICP nonitoring.

5. Intracranial waveforns resenble arterial waveforms. Plateau waves
are sustained ICP elevations up to 40-50 nm H20O | asti ng 5-20m nutes,
falling quickly back to baseline. These appear to represent a
“tight” brain and sudden increase in ICP, usually secondary to a fal
in CPP and reflex increase in MAP until CPP is restored. (see bel ow)

6. An arterial line is indicated in all patients with an ICP
noni t or.

B. Cerebral Perfusion Pressure (CPP)is the difference between the
pressure of blood going to the brain (the nmean arterial pressure or MAP)
and the back pressure to this flow (the ICP). Thus:

CPP = MAP - |CP

A normal ICP is 10-15 nmHg or less. ICP will increase with agitation
coughing, etc., but should rapidly return to baseline. Patients with
sustai ned increases in |ICP should be treated in a stepwi se fashion to
try to decrease their ICP with the | east invasive neans possi bl e being
enpl oyed first. Maintaining an adequate CPP is probably nore inmportant
than keeping the ICP value normal. Qur goal should be to nmaintain
cerebral perfusion pressure at 50-70mm Hg.

F. Fluid Managenent
1. Acentral line is indicated to guide fluid managenent.

2. Patients with increased | CP need an adequate CVP and MAP to
perfuse their brains. They should not be routinely fluid restricted.
They shoul d receive appropriate fluid resuscitation and be started on
mai nt enance fluids with further managenent gui ded by clinical status,
vital signs, CVP, and perfusion.

Medi cal Mani pul ati on of |CP

A. The art of |1CP/CPP managenent is really related to the appropriate
selection and tim ng of these therapeutic maneuvers and under st andi ng
their limtations. Though specific managenment varies sonewhat between
trauma centers, a stepw se approach to various interventions simlar to
the one below is attenpted for patients with elevated | CP/| ow CPP:
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Appropriate ABC s and fluid resuscitation and frequent nonitoring
of VS, exam |CP, electolytes, osm

I ntubation using rapid sequence induction. Prophylactic
hyperventilation is no | onger routinely enployed, however
noder at e hyperventilation (PCO2 ~ 30-35) may be used for
suspected increase ICP in the field or prior to CT scanning.

Sedati on using Versed or Ativan 0.1 ng/kg IV or 0.1 ng/kg/ hour
continuous infusion. Additional sedation and/or anal gesia should
be consi dered before suctioning, patient transfer, procedures,
etc. In addition Lidocaine 1 ng/kg iv before suctioning may
blunt the increased | CP associated with this intervention

El evati on of the head of the bed 15-30 degrees and keeping the
head m dli ne may enhance cerebral venous drai nage.

Renoval of CSF if a ventriculostonmy is in place
Manni t ol

a) Decreases blood viscosity resulting in |ower cerebrovascul ar
resi stance, reflex cerebral vasoconstriction and reduction in
cerebral bl ood vol une.

b) May act as an osnptic agent to decrease brain water with
subsequent osnotic diuresis.

c) Dose is 0.25-0.5 gmkg rapid |IVP over ~ 5 nin.

d) Goal: reduction in ICP, inprovenment in CPP or naxinum
osmolality of 310-320. If nmultiple doses are adm nistered,
the patient can be placed on schedul ed mannitol -6 hours.
Serum osm and Na are followed at a sinmilar interval and
mannitol is withheld if the osmare >310. Na typically are in
the 150s.

Hyperventil ation

a) Hyperventilation causes cerebral arterial constriction with
subsequent decreased cerebral blood flow and decreased | CP
It is a potentially harnful nmethod of decreasing |ICP as CPP
may concom tantly be conprom sed. Moderate HV to a PCO2 of
30-35 is typically well tolerated. More extrene
hyperventilation is no | onger practiced at nost trauma
centers.

b) The beneficial effects of HV dimnish after 24-48 hours, due
to buffering, however rapid reversal of HV results in rebound
increased ICP. Thus it is inportant that HV is weaned slowy
(ie. over hours to days).
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Neur omuscul ar bl ockade can be considered to decrease any nuscle

nmovenent (coughing, shivering, etc.) that nmight contribute to
increased I CP. Increased sedation alone can often acconplish this.
If NMBis instituted a high level of suspicion for seizure activity

be maintained as tonic-clonic activity will not be apparent.

Barbiturate coma

a) Enpl oyed for increased | CP unresponsive to |l ess invasive
t her api es.

b) Dose is 5 ng/kg bolus every hour X 3 and an infusion of 1-5
ng/ kg/ hour titrated up or down to achi eve control of
i ntracrani al hypertension or to achi eve burst suppression (2-9
bursts/m nute on EEG, whichever cones first. Continuous EEG
nmonitoring is necessary until burst suppression is achieved,
intermttant nonitoring may be appropriate once the patient
has stabilized.

c) Hypotension due to cardiac depression is commopn and patients
frequently require vasopressor support with epinephrine or
nor epi nephrine. It is prudent to have vasopressor medications
at the bedside before |oading with pentobarb. A pul nonary
artery catheter should be considered to gui de managenent.

Ot her issues of nonitoring and nmanagenent.

a) Hypertherm a and seizures cause elevations in |CP and shoul d
be anticipated, prevented if possible, and treated
aggressively. Patients with significant brain injury or
mechani smof injury are routinely treated with Dilantin
prophyl actically for 5-10 days.

b) Hyperglycem a has been associated with worse outcone in
stroke victins. This may or may not be relevant to trauns,
but avoi dance of hyperglyceni a is probably prudent.

c) Patients with traumatic brain injury are at risk for D and
SI ADH whi ch can be identified by nmonitoring UOP and
el ectrol ytes.

d) Patients with traumatic brain injury are at risk for gastric
ul cers. Prophylaxis with H2-bl ockers is recomrended.

e) Patients with TBI are relatively inmmunnosuppressed. A high
i ndex of suspicion for infection (especially pneunonia)
shoul d be maintai ned and infections aggressively treated.

f) Steroids are not indicated in the managenent of traumatic
brain injury. They may have a role in the managenent of
edema surrounding a brain tunor (Decadron 1.0 ng/kg/day |V
divided g 6 hours). Steroids are of benefit in spinal cord
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injury (Solumedrol 30 ng/kg iv ASAP after injury, followed by
5.4 ng/ kg/ hour conti nuous infusion for 23 hours)

VI. Surgical Managenent

A. Mass | esions (hematomas, tunors) may require i medi ate surgica
evacuation. Wth the initial surgical intervention, a bone flap can
al so berenoved, especially if it is anticipated that the patient
wi Il have trenendous difficulty with intracranial hypertension.
Subsequent crainiotony or frontal/tenporal |obectomes are
occaionally enmployed to treat refractory | CP.

B. An acute rise in ICP or change in neuro exam (ie. blown pupils,
posturing, decreased responsiveness)warents consideration of a stat
CT scan to rule out any surgically correctabl e | esions.

VII. Waning of Interventions

Once a patient has stabilized (hours, days, or sonetines weeks into therapy),
interventions are typically weaned in the reverse order that they were
instituted. A significant nunber of children that require pentobarb coma will
recover and be nerologically intact. Survival is best predicted by the
patient’s GCS and cardi ovascul ar status upon arrival to the ED

VIIl. Summary

Children with severe increased ICP requiring |ICP nonitoring should be managed
by an intensivist, neruosurgeon, and |ICU nurses experienced in the care of
critically ill children. Inportant points to renmenber include: ABC s,
cervical spine protection, consideration of increased ICP at all tinmes, close
attention to changes in VS and PE, prevention of secondary injury (hypoxia and
hypot ensi on), stepw se increase in interventions, know edge of potentia
etiologies of deterioration and/or side effects of therapies.
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NEUROLOG C ASSESSMENT, ALTERED MENTAL STATUS, GLASGOW COVA
SCALES

Neur ol ogi ¢ assessnent:

A. The signs of brain hypoperfusion depend on the severity and duration
of the insult. 1In cases of sudden onset brain ischenm a, few signs of
neur ol ogi ¢ conprom se may precede | oss of consciousness. Convul sions
and pupillary dilation may occur with |oss of nuscul ar tone.

B. Wth shock, synmptons may be insidious. Confusion and |ethargy nmay
appear. Agitation alternating with lethargy is conmon. Failure to
recogni ze parents is an early, om nous sign of cortical hypoperfusion

C. In later stages of hypoperfusion deep tendon refl exes my be
depressed, pupils may be small but reactive and a crescendo- decrescendo
breat hi ng pattern (Cheyne-stokes) may be present.

D. Hypotonia and intermttent flexor or extensor posturing may occur
with prol onged cerebral hypoperfusion or extrenme hypoxem a

E. Always check electrolytes and a dextrostix on any neurologically
i npaired patient. (the dextrostix returns faster than a | ab gl ucose)

F. The neurol ogi c assessnent should follow a sinple, rational plan:
1. To deternmine the patient’s |evel of consciousness.
2. To determ ne the presence of l|ocalizing (abnormal) findings.

3. It also serves as a baseline for conparison later in the hospita
cour se.

4. The exam needs to be tailored to the situation. For instance, in
comat ose patients the G asgow Coma Scale may give you all the

i nformati on you need. In other patients a nore detailed examw || be
bot h possi bl e and necessary.

G Approach:

1. Begin with the I evel of consciousness (the nental status
equi val ent) .

2. Next, assess the cranial nerves fromthe top of the brainstem
(pupils) to the bottom (respirations, BP, HR, gag reflex)

3. Performa notor exam | ooki ng for weakness, asymetry, or tone
abnormalities.

4. DIR s, including the Babinski reflex assessnment, may help
determ ne a |level of asymretry. A positive Babinski response
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(extension of the great toe and abduction of the other toes instead

of the normal flexion
age of 12 nonths, and
Mot or Neuron” finding
dysfunction.

5. Perform a sensory
children and comat ose
be assessed.

6. Neonates shoul d be
crani al nerve and not
shoul d be elicited.

to plantar stinulation) is abnornmal after the
al ways abnormal if asymretric. It is an “Upper
that inplies central (supranuclear)

exam nation. This may be difficult in young
patients but their response to stinulation can

assessed carefully for |evel of consciousness,
or function. In addition, neonatal reflexes

Ref | ex Appear ance age Di sappear ance age
Adduct or spread of knee jerk Birth 7 - 8 nos.
Babi nski reflex (positive) Birth 12 nps. (see above)
Landau refl ex 10 nos. 24 nos.
Mor o Birth 5 - 6 nos.
Pal mar grasp Birth 6 nos.
Par achut e 8 - 9 nos. Persists
Pl antar grasp Birth 9 - 10 nos.
Root i ng Birth 3 nos.
Toni ¢ neck response Birth 5 - 6 nos.
Truncal incurvation Birth 1 - 2 nos.

Il. dasgow Coma Scal e (GCS)

Activity
1. Eye opening
No response
Response to pain
Response to voice
Spont aneousl y
2. Verbal Response
No response
I nconpr ehensi bl e Sounds
| nappropriate Wrds
Di soriented conversation
Oriented and appropriate
3. Modtor Response
No response
Decer ebrate posturing
Decorticate posturing
Fl exi on wi t hdr awa
Local i zes pain
Obeys Comands

(best for patients > 1 year old)

Best Response
Poi nts
1

A WN

a b~ wN B

OOk, WNPRE
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Maxi mum Scor e 15
Scores < 9 indicate severe injury, airway support usually required.
I1l. Modified Gasgow Coma Scale (especially helpful for ages < 1 year).

Activity Best Response
1. Eye Opening
None
To pain
To speech
Spont aneous

A WN P

2. Verbal Response
None 1
Mbans to pain 2
Cries to pain 3
Irritable cries 4
Coos, babbl es 5

3. Modtor Response Poi n
None 1
Ext ensor Response 2
Abnor mal Fl exi on 3
Wt hdraws to pain 4
W thdraws to touch 5
Nor mal Spont aneous Movenents 6

Maxi mum Scor e 15

Scores < 9 indicate severe injury, airway support usually required.

IV. Brief Neuro Exam Follows general exam GCS, and assessnent for “ABC s”.

A. Cranial Nerves: pupils (size, symetry), fundi, response to visual
threat, extraocular nuscles (use doll’s eyes maneuver in comatose
patient with a stable neck, cold calorics in those in whomthe cervica
spi ne has not been cleared), corneal reflex, facial grimce to pain,
gag/ swal | ow refl ex.

1. Doll’s eyes (ocul ocephalic response) ONLY PERFORM I N PATI ENTS W TH
A STABLE, CLEARED C-SPINE ! : Grasp the head firmy and hold the
eyelids open. Quickly turn the head to one side. Repeat by

turning the head in the other direction.

a. If the eyes continue to gaze strai ght ahead the response is
positive (the eyes actively deviated in the opposite direction of
the turn). A positive response indicates an intact brainstem

b. The lack of this response in both eyes is part of the picture

of brain death. A low brainstemlesion will show a negative
response. This neans that the eyes will nove in the direction of
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the head turn, as if they were fixed in the orbits and were not
nmobi | e.

2. Cold calorics (ocul ovestibular reflex) may be perforned in
patients with C-spine injuries: First, exam ne the external auditory
canal to namke sure no obstruction or foreign matter is occupying the
canal . Next, make sure there is no tynpanic nmenbrane perforation

El evate the head of the bed 30 degrees. Gently instill 30 - 50 cc of
ice water in the ear canal while holding the patients eyes open (may
use an assistant). Observe both eyes for the response. Wait 5 min. to
restabilize the vestibul o-ocul ar system and repeat in the other ear
This test is usually NOT performed in non-comatose patients as it

i s unconfortable.

a. If the brainstemis intact the eyes should nove towards the
irrigated side. If done in an alert patient nystagnmus occurs.

b. In the presence of severe brainstem damage the reflex is
abol i shed and no deviation of the eyes occurs.

B. Mtor - note posture at rest, spontaneous nobvenents.
- tone assessnent (resistance to passive novenents).
- nmotor response to stimulation (posturing).

C. DITR s - including Babinski

D. Sensory - response to stinmuli (localizes pain, wthdraws, postures),
other testing possible in nore alert patient.

E. Coordination - rapid alternating novenents
- finger-nose-finger
- heel -shin

F. Gait - width of base, stability, Ronmberg, heel/toe/tandem for nore
alert, cooperative patient.

Altered states of consciousness (altered nmental status)

A. Pathologic alterations in consciousness are caused by a variety of

di sease processes. These processes may | ead to decreased responsi veness
to visual, auditory, and tactile stinmulation. They are NOT all or none
phenonena. Altered | evels of consciousness may be divided into four

cat egori es.

1. Lethargy: This is a state of mnimally decreased wakeful ness where
the primary deficit is attention. The patient is easily distracted
and has faulty menmory, but retains the ability to comunicate by
verbal or nonverbal neans. Drowsiness is prom nent.

2. Obtundation: This is a mld or noderate blunting of alertness

acconpani ed by a | essened interest in or response to the environment.
Communi cation is partially preserved.
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3. Stupor: Stupor is clinically equivalent to deep physiol ogic sleep
fromwhich the patient can be partially or only tenporarily aroused,
and only by vigorous and repeated stinulation. Conmunication is
m ni mal or nonexi stent.
4. Coma: Coma can be defined as a reduction in neuronal function
resulting fromdisruption of cerebral cortical or brain stem
integrity. This is a state of unarouseabl e unresponsiveness in which
the patient |ies without spontaneous novenent with the eyes closed.
There is no intelligent speech. The patient may wi thdraw from noxi ous
stimuli, but cannot localize pain with discrete, defensive novenents.
B. These states are not to be confused with deliriumwhich is an
abnormal nental state characterized by disorientation, instability,
del usi ons, or hallucinations. Deliriumis prom nent when toxic or
nmet abol i ¢ disorders affect the cerebral heni spheres, either primarily or
excl usively.
C. Distinguishing netabolic etiologies fromstructural damage provides
the basis for devel oping and investigating the differential diagnosis of
an altered state of consciousness.
D. Differential features:
1. Supratentorial destruction or mass | esions
a. Initial signs are focal
b. There is a rostral to caudal progression

c. Hemi spheric dysfunction (i.e. right or left hemi sphere) occurs
dependi ng on handedness and site of injury

2. Infratentorial destructive or nass |esions
a. You usually see a preceding brain stem dysfunction
b. Onset of coma is sudden
c. Cranial nerve palsies occur
d. Respiratory disturbances nmay be seen early
3. Toxic, netabolic or infectious diseases
a. Confusion or stupor precedes the nmptor signs
b. Motor signs are symetric
c. pupillary reactions are preserved
d. Asterixis, nyoclonus, trenor, or seizures nay be seen

e. May see hyper or hypoventilation

118



E. Etiologic spectrum of diseases producing an altered state of
consci ousness:

1. Supratentorial lesions of the brain
a. Extracerebral
(1). Neoplasm
(2). Epidural or subdural henatona

(3). Subdural enpyema or effusion

b. Intracerebral

(1). Henorrhage (parenchymal, intraventricular, or
subar achnoi d)

(2). Infarction
(3). Neoplasm abscesses, granul ormas
(4). Expandi ng nass |esions
(5). Edemn
2. Infratentorial |lesions of the brain
a. Infarction
b. Henorrhage (brain stem or cerebellar)
c. Expandi ng naess | esions
d. Edenm
3. Hydrocephal us
4. Toxic, netabolic, or infectious disorders
a. Deprivation of oxygen, substrate or netabolic cofactors
(1). Hypoxia
(2). Ischem a
(3). Seizure or postictal states
(4). Cofactor deficiency (thiam ne, niacin, pyridoxine)

(5). Inborn error of nmetabolism
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F.

5. Oher

a.

b

C.

d.

organ failure

Li ver (hepatic coma, or hyperammoneni a)
Ki dney (urem c comm)

Lung (CO2 narcosi s)

Endocrine (thyroid, parathyroid, or adrenals)

6. Exogenous poi sons

a. Sedatives

b. Acid poisons

c. Heavy netals

d. Cyani de

e. O hers (see poisoning chapter)

7. Abnornmal ionic and aci d-base bal ance

a. Water

b. Sodi um

c. Potassium

d. Magnesi um

e. Cal cium

8. Infectious and parainfectious diseases

a. Meningitis

b. Encephalitis

c. Acute dissem nated encephal onyelitis

d. Toxi c encephal opat hy

9. Trauma

| mport ant

poi nts of the history:

1. Duration and devel opnent of the comm

a. Sudden onset: vascul ar catastrophe or seizure



b. Acute onset after period of normalcy: ingestion of drug,
toxin, or poison

c. Coma devel opi ng over a period of hours to days: expanding
intracranial mass, netabolic derangenent, or infectious process

2. Recent illness or fever? Think of infectious process or Reyes
3. Trauma

a. Recent head injury? epidural ? subdural?

b. Child abuse?
4. Recent travel ?

a. Fungal, rickettsial, rabies, viral, plague, parasitic,
Sal nonel la or Shigella infections

5. History of headache?

a. Chronic headache: brain tunors, vascul ar nal formations,
congenital anonualies, hydrocephal us, and other nmss |esions

b. Headache of sinus origin: venous thrombosis, subdural enpyema

c. Mgraine can produce a reversible confusional state

6. History of other diseases?
a. Malignancy: think brain net.
b. Bl ood dyscrasia: think henorrhage

c. Congenital heart disease: think infarct, enbolization, or
brai n abscess

d. Renal disease: think urem a, or dialysis encephal opathy
e. Liver disease: think hyperammopneni a
f. Diabetics: think hypo or hyperglycem a
G Physi cal exam nation
1. ABC s first Il Then assure vital signs are stable or being
addressed. A careful evaluation for trauma, exanthenms of the skin,
and skin findings of the neurocutaneous syndromes or other systemc

di seases shoul d be perforned.

2. Listen for cranial bruits. Check the character of the anterior
fontanell e. Examine the ears and nose for the presence of bl ood or
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| eaking CSF. The retina of every child with an altered state of
consci ousness shoul d be exam ned.

H. Laboratory eval uation

1. The following is indicated for ALL patients with an altered state
of consci ousness: glucose and dextrostix, BUN, creatinine, |ytes,
osm cal cium phosphorus, nagnesium ammonia, CBC and diff, UA and
ABG. (al so, see nunmber 5 bel ow)

2. The following is ALSO indicated for all patients with a suspected
net abol i ¢ derangenent: urine netabolic screen, blood and urine am no
and organic acids, thyroid screen, plasm cortisol, LFT's, urine
porphyrins, plasma free fatty acids, ketones, and carnitine |evel.

3. The following is ALSO i ndicated for all patients with a suspected
toxi c ingestion: blood and urine drug screens, |ead |evel, blood
salicylate |level, blood al cohol |eve

4. The following is ALSO indicated for all patients with a suspected
i nfection: blood and other bodily fluid bacterial cultures, vira
and/or fungal cultures or titers, ophthal nology examif indicated for
chorioretinitis etc., exans for parasites

a. Lunbar puncture: An LP should be considered if a CNS infection
is suspected. Meningitis and encephalitis are probably the only
absol ute indication for an LP. REMEMBER: an LP may be hazardous
in patients with increased intracranial pressure. A head CT
shoul d be perforned before the LP. LP should also be deferred in
patients with significant cardi ovascul ar conproni se or shock

5. EVERY comat ose patient should have a head CT unless the etiol ogy
has clearly been established.

I. General principles of nmanagenent:
1. Maintain optimal HR, BP and respiratory status

2. Correct any system c glucose, acid-base, or fluid and el ectrol yte
i mbal ance

3. Manage hypo or hypertherm a
4. Treat increased intracranial pressure
5. Adnminister anticonvul sants for non-netabolic i nduced seizures

6. Perform frequent exaninations and follow the patient’s
clinical status closely
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NEVBBORN RESUSCI TATI ON

l. I nt roducti on

A

Cener al

1. 3.7 mllion infants are born in 5,000 hospitals in the U S. each
year. Only 5% have NICU s (Level [11).

2. 6%wll need |life support in the Delivery Room |f under 1500
grans 80% wi || need resuscitation

Basi ¢ Approach to CPR sane as adult

1. Airway

2. Breathing

3. Circulation
a. Cardiac arrest is extrenely uncommon in children or infants
and when it does occur it is usually secondary to respiratory

arrest. This nakes airway and breathing even nore inportant in
infants and children

Anti ci pati on and Preparedness

1. If you are asked to attend a delivery and you feel it's worth
your time to go, then it's worth going prepared and anticipating a
di saster.

2. Know the equi pnent and know that it is functioning BEFORE t he
i nfant arrives.

3. NRCrequires that at least 2 people with resuscitation skills be
present at all deliveries, one nmust have intubation skills. The
second person is absolutely necessary to evaluate the effectiveness
of ventilation and to nonitor the heart rate and if necessary to give

chest conpressions. |f the delivery is considered high risk, two
peopl e nust be dedicated only to the infant. |If the resuscitation is
prol onged, a third person will be required to insert |ines and

adm ni ster nmedications. DO NOT GO BACK BY YOURSELF!! Take a
partner with you.

4. |f you are alone and not with an established Resuscitati on Team
the tasks should be divided anpbng the avail abl e hel p BEFORE t he
i nfant arrives.

5.  Equi pnent List:
Radi ant warner (on and warm
Suction with manoneter
Resuscitati on bag (250-500cc)
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Premature, and term face masks
Lar yngoscope
Laryngoscope bl ades (straight 0 and 1)
St et hoscope
Towel s
3-way stopcock(s)
Oral airways (newborn and premmie)
Bul b syringe
Meconi um sucti on device
2.5, 3.0, 3.5 ETT' s
Suction catheters (5,8,10 French)
ETT styl et
Syringes (10, 20 cc’'s)
Feedi ng tubes (5, 8 French)
Cord cutting scissors, clanp, gloves
3.5 and 5 Fr. unbilical catheter, sterile water
Medi cati ons: Epi nephrine (1:10, 000)
Sodi um Bi carbonate 4. 2%
Vol ume Expander - NS, plasninate

D10W
Basi ¢ Physi ol ogy
A. Fetal Circulation B. Neonatal Circul ation
1. Low flow (placenta) 1. Increased flow
2. High PVR 2. Decreased PVR
3. In parallel 3. In series

C. The pulnonary pressure is controlled in part by perivascul ar pH

pa®2, paCO2. |If ventilation and oxygenation are not established soon
after birth, there is persistent pul monary hypertensi on or persistent
fetal circulation which will cause right to left shunting across the

ductus arteriosus and the foranmen oval e.

D. If ventilation and oxygenation are not soon established gl ycogen
stores are used up, tissue hypoxia devel ops and anaerobi c metabolism
begins to produce | arge amobunts of lactic acid. Cardiac output falls
causi ng decreased perfusion to the organ systens and eventually the
brain, heart, and adrenals.

E. The follow ng graph depicts the adult oxyhenogl obin dissociation
curve. Neonates have fetal henpgl obin which shifts the curve to the
left.

Shifts of this curve to the left are caused by: al kal osi s,
hypocar bi a, decreased tenperature, decreased 2, 3-DPG increased
cardi ac output, or fetal henogl obin. These cause an
i ncreased oxygen affinity but a decreased oxygen rel ease. Thus,
the oxygen tension nust drop | ower than normal for the henogl obin
to release an equi val ent amobunt of oxygen to the tissues conpared
to adult henogl obin. However, fetal henpgl obin has a greater
affinity for oxygen at lower paQ2’'s (such as occurs with
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pl acental bl ood perfusing the fetus) so nore oxygen is bound in
ut ero.

Shifts of this curve to the right are caused by: acidosis,
hyper carbi a, tenperature el evations, increased 2, 3-
di phosphogl ycerate (DPG), or decreased cardi ac output. These
cause a decreased oxygen affinity but increased oxygen rel ease.

100 e e 20

— 15

% sat O2 content

vol. %
— 10

27 40 90 200 400 600
pO2(Torr)

pO2, Saturation, and O2 Content

F. Oxygen content is the amount of oxygen contained in our blood. This
oxygen may be in solution in the liquid portion of blood, or bound to
henogl obi n inside the red cells.

1. Factors involved in calculating “oxygen content” include how
much henogl obin there is in the bl ood, how nuch oxygen a gram of
henogl obi n can hold, the degree to which the henmoglobin is
saturated, and finally how nuch oxygen is contained in the liquid
portion of the blood. The equation which expresses the oxygen
content of blood is:

O0,con = [Hgb] x (% sat) x 1.36 + (p0, x 0.0031)

where “0,con” is oxygen content, “[Hgb]” is the henogl obin
concentration in grans per 100 m of blood, “(%sat)” is the
percent saturation of henogl obin, 1.36 mi of oxygen per gram of
henogl obin is the oxygen carrying capacity of adult human

henogl obin, “p0,” is the partial pressure of oxygen in the plasm

in mmHg, and 0.0031 m of oxygen per 100 m per mmHg rep-

resents the solubility of oxygen in plasma. It is inpressive
to note from this equation that the magnitude of the contribution
of dissolved oxygen in plasnma, the only element affected directly
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by the p0,, to total oxygen content of the blood is quite
mnimal. Yet, pG is the paraneter nobst commonly followed
clinically!

2. A nonent’s diversion on this point nmay be hel pful. You may
ask, “If the p0, is in fact such an uninportant paraneter, why do

we followit so closely?” Historically, the pO, could be easily

measured clinically. The henogl obin saturation was either
measured with a separate and specialized apparatus or was derived
fromthe p0, and the pH It also has to do with a fortuitous

rel ati onship between the p0, and henpgl obin saturation in the
usual physiol ogi c range as shown by the precedi ng di agram

3. Between pO, val ues of approximtely 40 and 90 torr, the
rel ationship between the pO, and the henpgl obin saturation is
fairly linear. Thus, a given increase in the pO, i s acconpani ed by

a roughly proportional increase in the henopgl obin saturation and
thus in the oxygen content of the blood. However, it may al so be
clearly seen fromthe figure that below 40 torr and above 90 torr
this is not the case. Below 40 torr, a small change in p0, is

associated with a rather |arger change in henogl obin saturation.
Thus, when the p0, decreases from40 only to 27 torr the

saturation falls from75%to 50% (Meaning that small changes in
the p0, in this range can make a large difference in the well

being of the patient’s tissues!) The opposite is true above 90-100
torr where, even with dramatic increases in the p0,, the

saturation rises only very little. Thus, when the p0, rises from

90 to 600 torr the saturation goes only from about 99% to 100%
(Henogl obi n saturation cannot go any higher than 100% .

4. The relationship between changes in oxygen saturation and in
changes in oxygen content are also depicted in the figure. It is

i mportant to note that these two paraneters are related in a
consistently linear fashion. That is to say that changes in one
are acconpani ed by sinilar and proportional changes in the other.
Because of this, henopglobin saturation is a good indicator of
oxygen content and is therefore a very useful clinical paraneter
to foll ow.

Infants at Ri sk

A. Al infants are actually at risk for asphyxia during |Iabor and
delivery. Contractions decrease flowto the placenta and therefore

gas exchange. A normal terminfant w thout conplications tolerates this
wi t hout problenms. There are four main mechani sns that can cause
asphyxia to the fetus/neonate:

1. Interruption of unbilical blood flowi.e. cord conpression

2. Failure of exchange across the placenta because of separation
i.e. abruption.
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3. Inadequate perfusion on the maternal side of the placenta i.e.
mat er nal hypot ensi on, toxem a.

4. Neonatal asphyxia fromfailure to inflate the lungs froma
vari ety of reasons:

a. Upper/lower airway obstruction i.e. meconium
b. Inability to expand the lungs i.e. drugs, RDS/ prematurity.
c. Inability to expand the lungs secondary to fetal asphyxia.

B. Maternal, perinatal, and postnatal conplications and presentation
identify the infants at risk

1. Most asphyxia occurs prenatally when it is much nmore difficult to
monitor. The best neasure of in utero asphyxia is the cord bl ood gas
pH. The arterial side is the side that reflects the fetus while the
venous side reflects the placental well being. GCbviously, we are
more interested in the arterial or fetus side. The CO, is very

hel pful in determ ning the cause of the asphyxia. A high CO, on the

arterial side out of proportion to the venous side is probably a cord
conpression causing COy build up in the fetus. |If utero-placenta

insufficiency is the problem both gases woul d be abnor nal

Nor mal
VENOUS CORD GAS ARTERI AL
7.29 (7.20 | ow normal) pH 7.26 (7.15 | ow nornmal)
40 pCO, 45-55
35 s]0)) 20

2. Once the fetus/neonate has an abnormal gas, the neonate/fetus
must be eval uated by a physician. A repeat blood gas fromthe newborn
may be indi cated.

3. It is very rare we are not forewarned of fetal distress and/or
prematurity before the actual delivery. There is no excuse not to BE
PREPARED BEFORE THE DELI VERY. CHECK THAT EQUI PMENT | S PRESENT, THE
CORRECT SI ZE AND PROPERLY FUNCTI ONI NG !'!'!

4. A high risk delivery should be anticipated if any of the
followi ng are present:

Ant epartum Factors

Mat er nal di abetes Post -term gestati on
Pregnancy i nduced hypertensi on (PIH) Mul ti pl e gestation
Chroni ¢ hypertension Si ze-dat es di screpancy
Preecl anpsi a Previous stillbirth
Ecl anpsi a Drug therapy:
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Previ ous Rh sensitization Reser pi ne

Bleeding in 2nd or 3rd trinester Li t hi um

Mat er nal infection Magnesi um

Hydr ami os Adr energi ¢ bl ockers
A i gohydr ami os Mat er nal drug abuse
Premature rupture of nenbranes No prenatal care
Decreased fetal novenent Fetal abnormality

I ntrapartum Factors

El ective or energency cesarean section Non-reassuring fetal HR
Abnor mal presentation patterns

Premat ure | abor General anesthesia use
Rupture of nenbranes > 24 hrs Uterine tetany

Foul smelling amiotic fluid Nar coti cs given to nom
Preci pi tous | abor within 4 hrs of

Prol onged | abor (> 24 hrs) delivery

Prol onged 2nd stage of |abor (>2 hrs) Meconi um st ai ned

Prol apsed cord amiotic fluid
Abruptio placenta Pl acenta previa

V. Assessnent

A

APGAR SCORE SHOULD NOT BE USED TO DETERM NE THE NEED FOR

RESUSCI TATI ON

1. If the 5 minute score is less than 7 a score should be assigned
every additional 5 minutes until greater than 7 or for a total of 20
mnutes to assist in evaluating transition. The 15 and 20 ninute
scores are of nore prognostic value than the 1 and 5 minute scores.

V. Steps in Neonatal Advanced Life Support

A

Tenperature Regul ation/Dryi ng

1. Asphyxiated infants have an unstabl e thernoregul atory system and
hypot hermi a del ays recovery from aci dosi s.

2. Place the infant under a preheated radi ant warnmer.

3. Dry off amiotic fluid. Renove the wet towel.

4. The warnest place for a normal infant when a radi ant warner is
not available is skin to skin against the nother

Posi tioni ng

1. On back with neck in neutral or slightly extended position. |If
there are copious secretions, the head should be turned to the side.

2. A 1" blanket or towel may be place under the shoul ders for
mai nt ai ni ng the proper head and neck positions, esp. in babies with
| arge occiputs from nol di ng, edena etc.



3. Take care to prevent hyperextension or underextension of the
neck.

Suct i oni ng

1. First the nmouth and then the nose. (The mouth is suctioned first
to prevent aspiration should the infant gasp when the nose is
suctioned). If secretions are copious turn the head so that
secretions will pool in the mouth and not the posterior pharynx.

2. Use bulb syringe, or wall suction {use no nore than -100 nmm
Hg, (80-100 mHg) or -136 cm H,0}. Use 8 or 10 F. catheter

3. Dangers:

Vagal bradycardia

Trauma

Hypoxi a (suction no nore than 5 sec.)
Vom ting and aspiration

Suctioni ng Meconi um
1. Meconiumstaining of amiotic fluid occurs in up to 20% of al

deliveries. It is thought to be a sign of fetal distress as well as
a cause of pneunponitis.

2. |If not adequately suctioned, 30% of infants with thick meconi um
(recent nmeconi um and decreased fetal urine output another sign of
fetal distress) will aspirate this fluid. Approximtely 20% of al

infants with noderate to thick meconium stained amiotic fluid will
devel op respiratory distress, pneunpnitis, PPHN, air |eaks.

3. The head shoul d be delivered and the nouth, oropharynx, and
hypopharynx thoroughly suctioned before delivery of the thorax and
the first breath.

4. |f the infant does not nmake any respiratory effort and will need
positive pressure ventilation, the trachea should be intubated and
suctioned before positive pressure ventilation is given. This is
best done by connecting a wall suction nmeconium device to the
endotracheal tube and suction while w thdrawi ng the tube. DO NOT
USE nout h suction through a mask or 4x4 or DelLee trap

5. When thick or particulate neconiumstained fluid is present,
tracheal suctioning should be conpleted as soon after delivery as
possible. There is controversy regardi ng shether a vigorous baby
with nmeconiumstained fluid requires tracheal suctioning. The
difficulty of intubating a vigorous infant nust be w ghed agai nst the
advant ages of full meconiumrenoval.

6. Thin-watery or |ight nmeconium does not require endotrachea
suctioning, unless the infant is depressed.
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E. Stinulation

1. 2 flicks or slaps on the soles or 2 back rubs only. If no
response proceed to ventilation. Further stimulation will only cause
nore hypoxi a, and waste val uable tine.

2. May rub head, body if baby is breathing and has a good HR

VI. Assessnent

A. The need for resuscitation should be determ ned by eval uating the:

Respiratory Activity
Heart Rate (HR for 6 sec X 10)
Col or

VII. Ventilation/ Oxygenation
A. |If breathing:
1. Evaluate heart rate and then col or
2. |If heart rate is above 100 and baby is centrally cyanotic give
100% bl ow by oxygen. Once baby is pink withdraw in increnents,

reassessing HR and breathing. (1/2”" = 80% 1" = 60% 2" = 40% then
of f.) Oxygen is not needed for peripheral cyanosis (acrocyanosis).

3. If HR > 100 and there is no central cyanosis, O is not needed.
B. Indications for positive pressure ventilation. (4)
1. Apnea

2. Heart rate < 100

3. Persistent central cyanosis on 100% Oy

4. (Gasping respirations
C. Maintain position of infant

D. Face nasks are | abeled preterm and terminfant. Should have no
more than 5 m of dead space. Establishing an airtight seal is the
nost critical step. Mask should be on bridge of the nose and cleft of
the chin. The nost comon place to |eak is between cheek and bridge of
the nose. Do not put pressure on the trachea.

E. The person ventilating should be at the head of the bed and should
have a clear view of the chest.

F. Renenber the bag is 500-750 cc's and the infant's T.V. is only 20-30
cc's. Do not enpty the bag with each squeeze. Use 5-8 liters/ mn of
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100% O,

G Gve 40 to 60 breaths per mnute. Count: squeeze, two,

three, squeeze. G ve enough to see chest rise a "normal easy breath"
LI STEN over the upper chest or axilla and over the stonach.

H If BYMapplied for longer than 2 minutes insert an orogastric tube
and leave in place during ventilation to prevent stomach di stention.

(Length = Bridge of nose --> earlobe --> xiphoid) Use 8 Fr. feeding
tube and 20cc syringe. Tape to cheek. Consider intubation

. I F NOT VENTILATI NG check in order
1. Reapply nmask to obtain adequate sea
2. Reposition the head to correct a bl ocked airway

3. Check for secretions and suction if present to correct a bl ocked
ai rway

4. Ventilate with infant's nmouth open to correct for bl ocked airway.

a. An oral airway may be used in this situation with choana
atresia or Pierre Robin Syndrome. Insert over tongue but don't
force the tongue back as you insert it! It is not necessary to
first reverse the position for insertion as in adults. Ora

ai rways may cause gagging or vomting so are usually not used in
conscious patients. Often lying the baby on the stomach is
sufficient to nmaintain airway patency.

5. Increase pressure delivered to correct for decreased conpliance
and i nadequate tidal volune.

J. Pressure: My require 30-40 or even as high as 60 cm HyO for
initial inflation. How much pressure is ‘enough’? ‘Enough’ neans you
observe the follow ng

1. Chest rising up and down
2. Bilateral breath sounds
3. Heart rate inproving

4. Color inmproving. This may be 15-20 cm HyO pressure or may be 20-
40 cm HyO or _higher in lung disease with decreased conpliance.

K. Bags
1. Self inflating i.e. Hope, Anbu, Laerda

a. Many have pop off valve at 30-35 cm HyO

b. Delivers only about 40% oxygen and 90- 100% even with a
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reservoir because of intake of roomair which is nechani sm of
sel f inflation.

c. Can't give O passively and usually no manoneter in line for
measuring PI P or PEEP.

d. Good to have for transports if out of gas.
2. Anest hesi a Bags

a. Delivers 100% Q2

b. Conpliance detected

c. Pressure neasured

d. Disadvantages: needs gas source, rebreathing of CO, if |ow
flow and used for |ong periods.

L. After adequate ventilations established for 15-30 seconds, check the
heart rate. Check the heart rate by listening with a stethoscope or
feeling the unmbilical or brachial pulse. The next step depends on the
heart rate.

>100 and spont aneous respirations = O
<60 = continue ventil ation, RECHECK VENTI LATI ONS and start chest

conpr essi ons
60-100 and rising, ventilation only
60- 100 and not rising RECHECK VENTILATION, if HR <80 initiate chest
conpr essi ons
M  Signs of inprovenent:
1. Increasing heart rate

2. Spontaneous respirations

3. Inproving col or

Chest Conpressions (External Cardiac Massage)
A.  Recommendati ons by AHA/ NRC
1. Never give a thunp even with nonitored fibrillation
2. Asphyxia | eads to:
a. peripheral vasoconstriction

b. tissue hypoxia
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c. acidosis
d. poor myocardial contractility
e. bradycardia
f. eventual cardiac arrest
3. PerformCCif HR < 60
HR < 80 and not rising despite adequate

ventilation for 15 - 30 seconds

4. Position: ring and nmddle fingers one finger's breadth (index
finger) below the |ine between the nipples.

5. Rate: 120 times per mnute, do not rempove your fingers fromthe
chest between conpressions

6. Conpressions: 1/2 to 3/4 inch or 1/3 the chest AP dianeter. |If
connected to bl ood pressure transducer, attenpt to generate 75% of
the systolic pressure present before the arrest.

7. Continue conpressions until HRis 80 or greater. Continue
ventilating until the HRis > 100.

8. Recheck Heart Rate every 30 seconds for 6 seconds (nultiply X 10)

9. ALWAYS G VE POSI Tl VE PRESSURE VENTI LATI ON W TH 100% OXYGEN WHI LE
Gl VI NG CHEST COVPRESS| ONS! !

10. Conpressions should be coordinated with ventilations in a 3:1
ratio so as not to conpronise breaths. 120 “events” should occur
each nunute: 90 conpresions and 30 breaths.

| nt ubati on

A. Indicated when bag and mask ineffective, for suctioning neconium
for prolonged ventilation or for known prenatal dx. of congenita
di aphragmati c herni a.

B. Infant should be on a flat surface and in the sniffing position.
May use a 1" towel roll under shoulders. DO NOT HYPEREXTEND because the
cartilage of the trachea is collapsible.

C. The larynx is nore cephalad, anterior, the epiglottis shorter and
nmore U shaped, and the angle of the epiglottis with the cords nore acute
than in the adult.

D. Establish ventilation with bag and mask BEFORE ATTEMPTI NG

| NTUBATI ON. Mbst of the tine intubation will be an el ective procedure.
Ventilation should not be interrupted for nmore than 20 sec. for

i ntubation. Stop if the HR < 60 and bag. DON T PANIC, an infant can

134



al rost al ways be ventilated with a bag and nask. Exceptions:
1. ELBW <1200 grans with RDS
2. Diaphragmatic Hernias
3. Upper airway obstruction

E. Tubes
1. 2.5: <1000 grans, extrenely premature, <28 weeks gestation
2. 3.0: 1000-2000 granms, prenmature, 28-34 weeks gestation
3. 3.5: 2000-3000 granms, term 34-38 weeks gestation
4, 3.5 - 4.0: >3000 grams, large term >38 weeks gestation
5. Use 0 laryngoscope bl ade for pretermand 1 for terminfants

F. Techni que
1. Laryngoscope is a left handed delicate instrument not a tire
iron. A straight blade or MIler is preferred in infants. Check
that the light functions!
2. Get down in the sane plane as the infant's glottis.
3. Insert blade of |aryngoscope and sweep tongue fromright to left.
Usually it is placed too deep into the esophagus. Pull back slowy,
until the epiglottis comes in view, then lift epiglottis up. The
cords will be posterior to or under the epiglottis. |If they are not
visible, apply cricoid pressure with your little finger or ask an
assistant to apply it. Wiile holding the blade in the direction of
the handle, insert E.T. tube fromthe right side. An assistant may
pull down the corner of the nouth for easier insertion. DO NOT
SQUEEZE THE TUBE OR LET I T TOUCH THE GUMS!! This only directs the
tube away from where you want it.
4. A stylet is not usually necessary. Those who think they need one
shoul d check and secure it so the tip does not go beyond the Mirphy's
eye. Renobve the stylet once the ETT is in place.
5. If the cords are in spasmdo not touch them Ask soneone to give

the infant a gentle Heimich maneuver and they will open. Never
force the tube.

6. Mnitor HRif it drops STOP, bag and try again.
7. |If you don't see the cords, revisualize or have soneone el se do

so. Attenpting to intubate w thout adequate visualization rarely
results in success and nay | ead to conplications.
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8. Distance fromglottis to carina in terminfant is 5 cmso place
tube 2.5 cm bel ow cords. Check breath sounds; Lip to Tip
measurenment (cm= 6 + WI in kg), and CXR.

9. Supervisors: if the baby is not responding to ventilation after
i ntubation by a junior resident, he/she is not intubated until proven
ot herwi se. Look to nake sure the ET tube is between the cords.

10. Flexion of the baby's head causes tube to go down and extension
causes it to nove up.(the ETT goes the way the baby’'s nose npbves)

11. Once in, note cmmark at upper |ip and tape. Cut off tube so
that no nore than 4 cm of dead space exists.

12. ETT is correctly placed if: you hear bilateral breath sounds,
see the chest rising with each ventilation, no air is heard entering
the stomach, no gastric distention occurs.

13. An intubated patient who desaturates should have the ETT
carefully evaluated. 6 problens occur in this situation:

Patient is extubated with ETT in the esophagus.

ETT is in the right mainstem bronchus.

ETT i s plugged.

Pati ent has a pneunot hor ax.

Pati ent has decreased conpliance so requires nore pressure.
Ventilator, gas supply, or equipnment is malfunctioning. Check
ETT is not kinked !

Ok wNE

X.  Medi cation/ Vol une

A. Mocardial dysfunction and shock in the neonatal period are usually
the result of profound hypoxia, acidosis, and/or hypovol em a

B. Shock may al so be secondary to hypovol em a

1. Place WC and neasure CVP. |If |ow consider hypovolema. |If
normal or high, no help

2. Usually there will be a history of blood | oss, abruption,

pl acenta previa, cord conpression (especially if venous occl usion
occurred only-cord gases will be helpful), fetal distress with feta
to placental transfusion.

3. Signs of hypovol em a:

a. Decreased B.P. - may not be present. BLOOD PRESSURE DOES NOT
EQUAL PERFUSI ON. Shock can be present with normal or even high
bl ood pressure.

b. Poor response to resuscitative efforts

c. Rapid heart rate with weak pul ses, cap. refill (on chest) > 2
sec.
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d. Pallor persisting despite oxygenation

e. Decreased CVP - but may not be decreased secondary to
i ncreased RV and pul nonary pressures.

4. G ve volune over 5-10 minutes
a. 10 cc/kg 0 neg. blood crossmatched with nmother if indicated.
b. 10 cc/kg N.S. or L.R
c. 10 cc/kg 5% Al bunin or plasmanate

5. Check Dextrostix and give 2 cc/kg of DigWif glucose < 40.

C. Medication should be adm nistered if, after adequate ventilation
with 100% oxygen and chest conpressions, the heart rate remai ns < 80.

1. AHA/ACLS "There is no current evidence that two previously
recommended drugs atropine and cal cium are useful in the acute phase
of neonatal resuscitation. Sodium bicarbonate may be useful in the
acute phase of neonatal resuscitation to help correct a docunented
nmet abolic acidosis but its’ use is discouraged in brief arrests or
epi sodes of bradycardi a.
2. Epinephrine
a. An endogenous catechol amne with potent B adrenergic
stinmulating properties; in a cardiac arrest setting, the Al pha
adrenergi ¢ nedi at ed vasoconstriction nay be the nore inportant
action.

b. Vasoconstriction el evates the perfusion pressure during chest
conpressi on, enhancing the delivery of oxygen to the heart.

c. It also enhances the contractile state of the heart,
stinul at es spontaneous contractions, and increases HR

d. Indications
(1). Asystole, or hypotension unrelated to hypovol eni a

(2). HR <80 despite adequate ventilation for a mninmm of
30 sec’s with 100% oxygen and chest conpressions.

e. Dose
(1). 0.01-0.03 mg/kg (0.1-0.3 cc/kg) 1:10, 000
(2). May repeat g. 5 mn

(3). I1.V. or ET. (May dilute 1:1 with NSif given via ETT)
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Xl

X,

3. Sodi um bi carbonate will not inmprove blood pH in the absence of
adequate ventilation, therefore the initial approach to resuscitation
concentrates on oxygenation and ventilation to correct hypoxen a and
acidosis. |If needed, based on docunented netabolic acidosis:

a. 2 nkEq/kg over at least 2 mnutes. (1 nEq/kg/mn)

b. Remenber that hypovol emi a causing a netabolic acidosis should
be treated with volunme initially.

4. Nal oxone
a. I ndi cati ons

(1). For reversal of respiratory depression induced by
narcotics given to the mother within 4 hours of delivery.

b. Ventilate and oxygenate first
c. Mist admit to NICC on a nonitor if nother or baby given
nal oxone, as the duration of action of naloxone is 1-4 hours

and narcotics have a |onger duration of effect.

d. My induce withdrawal synptons in baby if nother
addicted !!

e. Dose: 0.1 ng/kg of 0.4 ng/m solution of Narcan rapidly
f. Route: 1.V., E.T., if good perfusion|.M, S Q

Vascul ar Access
A. UMBILICAL VEIN | S THE PREFERRED VASCULAR ACCESS

B. Place a 3.5-5.0 F. inserted so the tip is just below the skin |evel
but has free flow (2-4 cm. Avoid placing the Iine higher in the acute
phases of a resuscitation to avoid infusing hypertonic solutions into
the liver.

C. Peripheral veins may be used

D. ET. tube may be used for:
Nar can
At ropi ne
Val i um > NAVEL
Epi
Li docai ne

E. Sane dose but may dilute it with 1 cc of NNS. to aid in delivery.
Pl ace via feeding tube down E.T. and stop conpressions during baggi ng.

Count er shock and Cardi oversi on

A. Defibrillation
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1. Asystole and bradyarrhythm as are responsible for 90% of the
arrhythmias in Pediatric cardiac arrest. Ventricular arrhythmn as
make up the remaining 10%

2. If fibrillation present, DO NOT THUMP, oxygenation and
ventilation with chest conpressions usually is all that is necessary.

3. Paddle size: Infants 4.5 cm (< 10 kg, < 1 yr)
Children 8.0 cm (> 10 kg, > 1 yr)

4. Dose: 2 Joules/kg (follow algorithm
B. Cardioversion
1. 1.0 Joules/kg (follow al gorithm
Ref erences: JAMA 255:2961-2973, 1986, Anerican Heart Association Newborn
Resuscitation Textbook, 1994
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ONCOLOG C EMERGENCI ES

ACUTE TUMOR LYSI S SYNDROMVE

CLI NI CAL FEATURES

A. Definition: Acute tunor lysis syndrome is a phenonenon of cellular
deat h causing electrolyte abnormalities and renal dysfunction which
occurs after malignant cell degradation

B. Onset: mmy occur before therapy or 1 to 5 days after start of
cytotoxic therapy (induction).

C. Most comonly seen in Burkitt’s |ynphoma and T-cell | eukem a/
| ynphoma. Al so associ ated wi th bul ky abdom nal disease.

D. Associated with el evated pretreatnent serumuric acid (see bel ow),
LDH (an indirect marker of tunor burden), and serumcreatinine. Uic
acid levels > 7.0, LDH > 250 and creatinine > normal for age place the
patient at risk for tumor |lysis syndrone.

E. Poor urine output.
PATHOPHYSI OLOGY

A. Degradation of mmlignant cells causes the rel ease of phosphates and
pot assi um during tunor lysis.
1. PO? concentration is 4-fold higher in |ynphobl asts.
2. Cal cium phosphate crystals precipitate in the nicrovascul ature and
renal tubules when [PO2]x[Ca2™ > 60 ny/dL.

B. Devel opnment of hyperuricem a occurs.
1. Purines are released by fragmented tunor nuclei. This causes
i ncreased substrate for uric acid production
2. Xant hi ne oxi dase is responsible for the enzymatic conversi on of
hypoxant hi ne to xanthine and xanthine to uric acid:

purine ® hypoxanthine ® xanthine ® uric acid

C. Patients becone synptomatic at uric acid levels > 10 ng/dL. Synptons
i nclude | ethargy, nausea and vomiting, uric acid calculi, oliguria,
anuria, and hematuria. A neurologic syndrome with |ethargy, seizures and
par est hesi as may be observed in severe cases. (It also is associated
wWith gouty arthritis in patients with solid tunors or chronic | eukem a.)

D. The excretory capacity of the kidneys is exceeded resulting in

i nadequate renal function. Aiguric renal failure may ensue, resulting
i n hyperkal enmi a and hyperphosphatem a
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[11. EVALUATI ON MONI TORI NG

A. Monitor electrolytes (especially K, PQ2, Ca?, uric acid) and rena
function (BUN, creatinine) every 4 to 6 hours.

B. Obtain an ECGif the K" is elevated. Wdened QRS conpl exes and peaked
T waves wi |l precede malignant arrhythm as or asystole.

C. Strict volunme status nonitoring is essential. Evaluate I/0Os q 6
hours.

D. Patients with tunor lysis syndronme are adnitted to the PICU for
constant nonitoring of cardiac rhythm and BP

E. Placement of central venous/ pul nonary artery catheters and arteria
lines to facilitate henodynam ¢ nonitoring is usually required.

| V. THERAPY (see Figure 1 which follows)
A. Establish nmetabolic stability before treatnent.

B. Managenent of hyperkal em a, hyperphosphatem a and hypocal cem a are
di scussed in the chapter on electrolyte and fluid abnornalities. Avoid
severe al kal osis which potentiates precipitation of cal ci um phosphate
crystals in the mcrovascul ature and renal tubul es.

C. Hyperuricenia
1. Decrease uric acid production with allopurinol, a xanthine oxidase
i nhi bitor.
2. Pronote uric acid excretion, keeping urine pH alkaline (>6.5 and £
7.5). Start with NaHCO; 100 nEq/ L.
3. Decrease the uric acid concentration in the urine. Hydrate at 1%
to 2 times nmmi ntenance (2400 to 3000 cc/ M/ day - see body surface
area formul a bel ow).
4. Treat renal insufficiency. Early insufficiency can be managed with
lasix 1 mg/kg or mannitol 0.5 to 1.0 g/kg. MANNITCL IS
CONTRAI NDI CATED | N CASES OF OLI GURI A (urine output < 0.5 cc/kg/hr).
Acute or severe oliguric renal failure is nmanaged by Pediatric
Nephr ol ogy wi th henoperfusion, henodi al ysis or peritoneal dialysis.

D. Body surface area in M = hei ght (cm) X wei ght (kg)
3600
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‘ Metabolic Assessment—‘

Normal uric acid, electrolytes, renal function Elevated uric acid

Normal urine output ’7 Non oliguric Oliguric with rena failure

Allopurinol (300-500 mg/m#/day; reduce if creatinine elevated)

Hydration (2—-4x maintenance; diuretics if necessary)

Urinary akalinization (NaHCO; 100 mEg/L) ule out obstruction

Chemotherapy within 24—48 hours Evaluate volume status

Monitor electrolytes (K*, PO,>, Ca®*, uric acid) and
renal function (BUN, creatinine) every 4—6 hours

Py

UrinepH 3 7, uric acid K*3|6 mEg/L ialysis (continuous

falls, other electrolytes Uric acid3® 10 mg/dL hemofiltration techniques)

stable Rapidly rising PO,
Volume overload

@)

Control of metabolic Discontinue
NaHCO, parameters and volume
Taper hydration status
Reduce allopurinol dose I

Chemotherapy

Figure 1. Management of patients with tumor lysis syndrome (Burkitt lymphoma or lymp hoblastic leukemia).

Adapted from Ognibene, F. P. and Pizzo P. A., “Oncologic Issues’ in Holbrook, P. R., ed., Textbook of Pediatric
Critical Care, W. B. Saunders Company, Philadel phia, 1993, p. 809.
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LEUKEM A
. Introduction
A. Leukenia occurs when a single progenitor cell undergoes nalignant
transformation giving rise to poorly differentiated blasts which do not
differentiate further but replace the normal marrow cells. Acute
Lynmphobl astic Leukenia (ALL) accounts for 80% of chil dhood | eukem as with
approximately 2,500 new cases being di agnosed per year in the United
States. Acute Nonlymphocytic Leukenmia (ANLL), previously referred to as
Acute Myel ogenous Leukem a (AM.), accounts for the other 20% ALL is of
I ynphoid origin while ANLL is of myeloid origin.
I1. Clinical presentation
A. Signs and synptons
1. Fever
2. Pallor - the nmean Hgb at diagnosis is 7.0

3. Bruising/ Petechiae - the nean platelet count at diagnosis is 50,000

4. Neutropenia - |eukocytosis may be seen secondary to the increased
nunbers of blasts but this causes a functional neutropenia

5. Hepat ospl enonmegal y
6. Bone pain

7. Lynphadenopat hy

8. Medi asti nal nass

B. The npbst common signs and synptons are secondary to the narked
pancyt openi a.

C. The ANC at diagnhosis is usually < 1,000.

D. ANLL may present with skin findings.
1. Chloromas are solid collections of nyeloblasts. They may occur
anywhere but are nmost conmon in the epidural space, retroorbital
areas, and the skin. When they occur in the skin they are called
| eukem a cutis or granul ocytic sarcona.

I11. Laboratory eval uation

A. Screening | abs and tests

1. CBCwith differential. If the patient is neutropenic and has fever
he/ she needs broad spectrum |V antibiotics (see neutropenia and fever
chapter).
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2. Chem 20

a. Creatinine: this serves as a screen for tunor lysis (see that
chapter) and renal involvenent.

b. LDH as an indirect marker of tunor burden and |ysis.
c. Uic acid as a marker of tunor lysis.
d. LFT's as a screen for hepatic invol venment.
e. PT, PTT, fibrinogen: M3 subtype of ANLL associated with DI C.
f. Type and cross for PRBCs and platelets if needed (ALWAYS give
CW negative, irradiated and | eukofiltered bl ood products as the
pati ent may be a bone marrow transpl ant candidate in the future)
g. CXR T-cell ALL is associated with mediastinal masses.

I V. Conplications

A. The nobst common conplications after diagnosis are:

1. Bleeding: treat the patient if the platelet count is < 20,000. Treat
DICif present.

2. Infection: if fever and neutropenia are present treat with the
appropriate antim crobials.

3. Tunor lysis syndrone

4. Leukostasis: this is rare unless the WBC count is > 200, 000. Organs
at risk are the brain and lungs. CNS synptons vary from somol ence to
stroke. The first pulnmonary sign is usually tachypnea, often acconpani ed
by a decreased oxygen saturation. CXR changes are late findings. The
treatment is the rapid initiation of chenotherapy. Leukapheresis or
exchange transfusion will quickly |ower the WBC count. The effect is
transi ent though, and chenotherapy should be started as soon as
possi bl e. Prophylactic use of |eukapheresis or exchange transfusion
shoul d be considered in patients with very high WBC counts.

5. Mediastinal mass: if signs of airway conpronise occur the patient
may need energent radiation therapy prior to diagnosis.

144



NEUTROPENI A AND FEVER

PHYSI OLOG CAL ALTERATI ONS I N CHI LDREN W TH CANCER

A Altered cellular immnity predi sposes patients to infections with
intracel lular bacteria, fungi, herpes virus group, and protozoa.

B. Altered hunoral imunity predi sposes patients to encapsul ated
bacteri a.

C. Neutropenia predi sposes patients to gramnegative bacilli and
St aphyl ococcus speci es.

D. Mass effect of tunors, tunor invasion, nucositis, nedical devices and
nmedi cal interventions violate physical barriers which nornally protect
agai nst infection.

EVALUATI ON OF A CHI LD W TH FEVER AND NEUTROPEN A

A. History
1. Cough, dyspnea, tachypnea, chest pain.
2. Diarrhea, pain with defecation
3. Skin sores.
4. Pain with swallow ng, sore throat.
5. Exposure to persons with infections (particularly varicella and
ot her herpes viruses).
6. Date of |ast chenotherapy.
7. Expected interval until the granul ocyte count returns to normal.

B. Conpl ete Physical Exam nation

C. Laboratory Eval uation

CBC with differential and platelets.

BUN and creati nine.

Li ver function tests.

Cultures all ports of catherters and obtain one peripheral cx.
Urinalysis and urine culture. Do not catheterize patient.

I f patient has neningeal signs discuss LP with henme-onc staff
prior to perfornmance.

Uk wNE

D. Radi ographi ¢ Eval uati on
1. Posterior and lateral chest X-rays, if pulnmonary synptons present.
2. Other radiographic studies as clinically appropriate.

PRI NCI PLES OF ANTI Bl OTlI C THERAPY

A. Initial therapy nust have a broad spectrum of coverage. Options
i ncl ude:
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1. An am nogl ycoside plus a sem synthetic penicillin: Gentam cin,
tobramycin, or am kacin, plus ticarcillin or piperacillin. This
synergi stic conbination provides greater bactericidal activity.
This is the nbst commonly used regi nen.

2. Oicillin and Cefi pi ne.

3. Vanconycin, am noglycoside, and a b-lactam Expands coverage for
gram positive organi sns. Discouraged as a front line therapy due
to energence of vanconycin-resistant organi snms such as
Ent er ococcus. Del aying the addition of vanconycin or nafcillin
until confirmation of a grampositive infection doesn’t appear to
i nfluence the outcone of therapy.

4. |If psuedononas is docunented or |ikely, double gram negative
coverage is indicated.

B. Bacterial isolates and antibiotic susceptibility vary greatly.
Fam |iarize yourself with antibiotic susceptibilities in your
institution.

C. Therapy should be safe, with mniml toxic effects.

D. The rate of superinfection or devel opnent of resistant organisns
shoul d be m nim zed

V. RE-EVALUATION OF INITIAL EMPI RI C THERAPY

A. 24 to 72 hours:
1. Evaluate response to therapy.
2. Optinmize treatnment based on results of pre-treatnent cultures.
3. Modify therapy if persistent bacterem a or devel opnent of new
synptonms or signs occurs.
4. Continue broad antinicrobial therapy until neutropenia resol ves.

B. 5 to 7 days:
1. Fever and neutropenia resolving: If infection is docunmented, give
10 to 14 days of antibiotics. If no infection denpnstrated,
di scontinue anti biotics.
2. Neutropenia persists: Continue antibiotics until neutropenia
resol ves. Because this is associated with an increased risk of
bacterial or fungal superinfection, an alternative is to continue
antimcrobial therapy for a week, or for 5 days after the fever
subsi des, whichever is longer, and reinstitute therapy at the first
sign of any deterioration in clinical status.
3. Fever and neutropenia persist: A diligent search for the source of
infection is inportant. Add anphotericin B and continue throughout
the period of neutropenia.

C. Breakthrough bacterem a
1. Gampositive isolate: add vancomnycin.
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2. Gramnegative isolate: assune resistant organism Switch to a new
regi men.

D. Catheter-associated infections.
1. No evidence of local infection: Use vanconycin as well as coverage
for gram negative organi sms such as an am nogl ycosi de. Renove
catheter if cultures remain positive after 48 hours of appropriate
antibiotic coverage. |If cultures beconme negative, do not renove
catheter, conplete 10 to 14 day antim crobial course
2. Exit site infection without fever or bacteremi a: Culture al
ports, peripheral blood and the |ocal catheter site. Treat with
vanconycin, an am noglycoside and a b-lactam |f parenteral therapy
fails, renove catheter.
3. Exit site with fever or bacterem a: Culture all ports, periphera
bl ood and | ocal site. If normal ANC, adm nister vanconycin and
am nogl ycosi de. |f neutropenic, adm nister vancomycin, am noglycoside
and b-lactam Reassess at 48 to 72 hours. Renmpve catheter if cultures
still positive.
4. Tunnel infection: Renove catheter

E. Severe oral nucositis or necrotizing gingivitis.
1. Cover anaerobic organisms with clindanycin or metroni dazol e.
2. Performviral cultures and consider Acyclovir therapy for herpes.

F. Esophagitis.
1. Institute a trial of oral clotrinmazole, ketoconazole, fluconazole
or IV anphotericin B
2. Performviral cultures and start acyclovir.

G Pulmonary infiltrates.

1. Patchy or localized: Continue antibiotics expectantly if ANC
rising. |If neutropenia persists, perform broncho-al veol ar | avage
(BAL) or open biopsy and treat according to findings. If a diagnostic
procedure cannot be tolerated, begin enpiric Anphotericin B

2. Diffuse or interstitial: In patients with neutropenia, performa
BAL or open biopsy, or begin enpiric therapy with trinmethoprim

sul famet hoxazol e, erythronycin and anphotericin B. |If normal ANC,
institute a trial of TMP-SMZ and erythronycin and do di aghostic
procedure only if patient does not inprove.

H. Perianal tenderness. In addition to broad spectrum antibiotics, add
anaer obi ¢ coverage with clindanycin or metroni dazol e.
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SPI NAL CORD COVPRESSI ON

ETI OLOGY

A. Conpression caused either by |local tunor extension or by tunor
nmet ast asi s.

B. Tunors: |ynphona, neurobl astoma or soft tissue sarcoma npst conmon.
PRESENTATI ON

A. Radi cul ar back pain and notor weakness.

B. Sensory deficits are seen |l ess frequently.

C. Bl adder and bowel dysfunction. Incontinence is typical of |esions
bel ow L2.

DI AGNCSI S

A. Diagnosis is based on denonstration of vertebral |esion with dura
conpr essi on.

B. Imagi ng techni ques: spinal MR, contrast nyel ography if MR not
avail abl e.

C. Tissue diagnosis via biopsy.
THERAPY

A. Once conpression is docunented, urgent therapy ained at nerve
deconpressi on should be initiated.

B. Hi gh-dose dexanet hasone: 50 nmg/ M bol us followed by 10 ng/ M every 6
hours.

C. Energency radiation therapy consult. Lynphomas and neurobl ast omas are
particularly radi osensitive.

D. A neurol ogy consult should be considered to carefully assess the pre-
treatment neurol ogic function. Therefore, any post-treatnent inprovenent
wi |l be apparent.

E. Lam nectonmy is indicated if the etiology is henorrhage, the tunor is

not radi osensitive, or if radiation therapy fails to produce neurol ogic
i mprovenent. Consult neurosurgery.
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SUPERI OR VENA CAVA SYNDROME / SUPERI OR MEDI ASTI NUM SYNDROVE

FEATURES

A. Extrinsic conpression of the superior vena cava usually caused by the
mass effect of an anterior mediastinal tunmor. Often associated with
tracheal conpression.

B. Hodgki n's di sease, non-Hodgkin | ynphona, and T-cell |eukem a are the
nost comon etiol ogi es. Al so associated with rhabdonyosarcona and
neur obl ast oma when medi astinal invol venent occurs.

C. Presentation:
1. Plethora or facial cyanosis.
2. Cyanosis of neck and upper chest.
3. Upper extremty edensn.
4. Di stended neck veins.
5. Stridor, dyspnea and anxiety if there is associated airway
obstructi on.
6. Neurol ogic synptons due to increased | CP: headache, stupor, cong,
or seizures.
7. Cardiac conpromi se with shock due to decreased venous return
and/ or decreased ventricul ar vol une.

EVALUATI ON
A. History and physical exam

B. Radi ographi ¢ eval uati on:
1. Chest X-ray — reveals clinically significant nediastinal mnass.
2. Chest CT — determines the extent of the mass. Mist be perforned
wi t hout sedati on.
3. Echocardiogram - to evaluate for thrombi fromstasis of flow

C. Tissue diagnosis is necessary to inplenent specific therapy.
1. Non-sedated bone marrow bi opsy and/or superficial |ynph node
bi opsy.

2. High risk of death during intubation, especially if greater than
50% reduction in trachea size documented on CT scan. A skilled
bronchoscopi st nust be on hand if intubation is attenpted. Cal

pedi atri c pul nonol ogy, pediatric surgery, or ENT.

3. Establish diagnosis with |east invasive nmeasures. Be aware of
potential for curculatory and respiratory failure associated with
anest hesi a or sedation.

4. Empiric therapy is initiated if no tissue is available and the risk

of intubation is too great. It may include radiation, steroids,
and/ or chenot her ay.
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I. Shock:

PEDI ATRI C RESUSCI TATI ON

a clinical state characterized by inadequate delivery of oxygen

and netabolic substrates to neet the nmetabolic demands of tissues. May occur

with normal,

i ncreased or decreased bl ood pressure. In the first two cases

shock i s conpensated.

. Eti ol ogi es

A. Bl ood | oss/ Vol une | oss

1

2.

Whol e bl ood | oss
Henor r hage
a. Externa

b. Internal (A bleed, splenic/hepatic |aceration, fractures
intracranial bleed, major vessel injury).

Rel ative | o0ss
a. Fluid/Electrolyte loss (vomting, diarrhea, DKA, DI, etc).

b. Plasma | oss (burns; sepsis with capillary |eak; 3rd spacing
fromperitonitis, intestinal obstruction, hypoproteinen a).

c. Vasodilatory drugs (norphine, valium dilantin, etc).
d. Endocrine (adrenal insufficiency).

e. Renal (post obstructive diuresis - esp. with posterior
urethral val ves).

B. Cardiogenic Shock - decreased cardi ac out put.

1

2.

Drug intoxication
Dysrhyt hm a

Aci dosi s

Pericardial effusion
Pneunot hor ax

Congenital heart disease
Car di omyopat hy

| schen a
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C. Anaphyl actic shock

D. Spinal shock - secondary to spinal cord injury with resultant
vasodi | ati on and flaccid paral ysis.

E. Septic shock- a combination of hypovoenic, cardiogenic, and
vasodi | atory shock

Eval uation
A. A rapid cardiopul monary assessnment is necessary if any of the
clinical signs of early shock or conditions predisposing to shock are

present:

1. Respiratory rate > 60 (normal RR s are in Status Asthmaticus
chapter)

2. Heart rate (normal HR s are in Cardi ac Dysrhythnias chapter)
a. > 180 or < 80 (under 5 years)
b. > 160 or <60 (over 5 years)

3. Respiratory distress

4. Traumm

5. Burns

6. Cyanosis (peripheral or central)

7. Failure to recognize parents

8. Dimnished consci ousness

9. Seizures

10. Fever with petechiae

B. Evaluation of Respiratory Perfornmance:

1. Possible respiratory arrest should be anticipated in infants and
children who have

a. |Increased respiratory rate or respiratory effort

b. Dinminished breath sounds

c. Dimnished | evel of consciousness or pain response
d. Poor nuscle tone

e. Cyanosis
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f. Tachypnea wi thout distress nay be a conpensatory mechani sm

in:
(1). Septic shock
(2). DKA
(3). Inborn errors of metabolism
(4). Severe diarrhea
(5). Salicylate overdose
(6). Chronic renal failure
g. A slowrespiratory rate in an ill patient is om nous and may
i ndi cate:

(1). Hypotherm a
(2). Fatigue
(3). CNS depression
h. A decreasing RR may indicate a tiring child.
2. Respiratory Mechanisns:

a. Increased work of breathing (nasal flaring; intercostal
subcostal and suprasternal retractions).

b. Grunting

c. Head bobbing

d. Stridor

e. Prolonged expiratory phase

f. Al are inportant signs of inpending respiratory failure.

3. Cyanosis: A late and inportant sign of respiratory failure best
seen in the oral mucosal nmenbranes and the nail beds. Cyanosis of
the extremities is usually due to circulatory failure.

Eval uati on of Cardi ovascul ar Response: Organ perfusion is determ ned by
cardi ac output and perfusion pressure. HR and BP are easily determ ned,
whil e stroke volune and peripheral vascul ature resistance nust be assessed
by exam ni ng pul ses and tissue perfusion. Renmenber septic and

anaphyl actic shock may be associated with increased cardi ac output and
normal BP. NORMAL BP DOES NOT EXCLUDE SHOCK! When vascul ar resistance is
| ow, perfusion will appear normal with boundi ng pul ses and wi de pul se
pressure.
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1. Heart rate
a. Tachycardia - may be a response to hypoxia, hypercapnia,
hypovol emi a or fever. Newborns increase cardi ac output mainly by
i ncreasi ng HR
b. Bradycardia is an om nous sign of arrest
2. Blood pressure - can be nmintained by vasoconstriction, tachycardi a,
and increased cardiac contractility. Wen these fail, hypotension
ensues. It is a late sign of cardiovascul ar deconpensati on
a. Afornula to estimate the 50th percentile of systolic BP in
children (over 5 yoa) is 90 + (2 X age in years)
b. The lower limt of systolic BP is

70 + (2 X age in years)

c. |If systolic BP falls 10 ng Hg then begin pronpt, frequent
eval uations for shock

d. For normal BP values for age see Hypertensive Energency chapter
3. Peripheral circulation - discrepancies between central (carotid,
brachi al, fenoral) and peripheral (radial, post tib, DP) pul ses may
represent vasoconstriction from hypotherm a or redistribution of
bl ood fl ow due to decreased CO

D. End Organ Perfusion - skin, brain, kidneys.

1. Skin: decreased perfusion is an early sign of shock, and should be
assessed with the follow ng signs:

a. Usually the extrenmities are warm and pink to the distal phal anx.

As output drops, a |line between warnth and cool ness will ascend to
t he trunk.
b. Slow capillary refill ( > 2 sec) with the extremty el evated

above the |l evel of the heart.
c. Mttling, pallor, and peripheral cyanosis.
2. Brain: Signs of sudden decrease in perfusion include:
a. Failure to recognize or be consol ed by parents.
b. Decreased mnuscle tone
c. Seizures
d. Pupillary dilatation

3. Kidney: Hi story of decreased output is useful, but is nore
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important in the Iong term managenent. Adequate output is lcc/kg/hr
(mnimum in infants, and 300 cc/nm2/24 hrs in older children

V. Labs
Initial evaluation is clinical, treatnent is initiated BEFORE | ab results are
available. Initial studies on shocky patients should include:

A. ABG (see CGol den Rul es bel ow)

B. Hematocrit (spun) then CBC, diff, PLTS

C. Lytes, BUN, Cr, Ca, d ucose

D. Imediate dextrostix - only takes a drop of blood and you get the

result faster than a | ab gl ucose

E. Oher labs (LFT's, amonia, drug levels, etc) as dictated by
situation.
F. PT/PTT/fibrinogen if sepsis/bleeding are considered.

G Determine Anion Gap: A.G = Na" - (C° + HCGO;) = unneasured cations
m nus unnmeasured anions. Normal = 12 + 2 nEg/Liter. (see poisoning
chapter as well)

1. Causes of increased A .G hypokal em a, hypocal ceni a
hypomagnesem a (decreased unneasured cations) or |actate, ketones
(DKA), phosphate, sulfate, transient hyperal bunm nemia, salicyl ates,
formates, nitrates, penicillins, paral dehyde, inborn errors, ethylene
gl ycol, nmethanol, urem a, hyperosnol ar hypergl yceni c nonketotic cona
(i ncreased unneasured anions), alcohol, toluene, carbon nonoxi de,
iron, isoniazid, strychnine, cyanide or lab errors: falsely increased
Na* or decreased Cl - or HCO;.

2. Causes of decreased A.G hyperkal em a, hypercal cemn a

hyper magnesemia, 1gG THAM Ilithium (increased cation),
hypoal bumi neni a (decreased unneasured anion) or lab error: falsely
decreased Na*, increased Cl~ or HCO;.

3. Causes of normal A .G acidosis: |oss of HCOy (diarrhea,
pancreatic fistula, enterostom es, renal tubular aci doses, carbonic
anhydrous inhibitors, hyperchlorem c nmetabolic acidosis.

V. Therapy

A

Ai rway
1. Provide maxi mal 02
2. Protect the airway - intubate early if any concerns for

conprom se (seizures, conmm, etc). Renenber to pass an OF NG tube if
you use BVM > 2 minutes.
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3. High PEEP may be needed to oxygenate sone patients, especially in
septic shock with capillary |eak.

4. In the awake patient intubation is npst successful using rapid
i nduction (see that section).

5. Airways:

a. Nasal cannula - only used if npdest O requirenent is
present. Flows > 6 liters/min are irritating to nasopharynx.
Humi di fication is problematic.

b. Oxygen Hood - usually used in children < 1 year. Wl
tolerated. Hunmidification is possible.

c. Oxygen mask - delivers 35-60% O, at flow rates of 6-10
liters/mn.

d. Face Tent - often better tolerated than a face mask. Not
reliable for Fi O, > 0. 40.

e. Oral airways - holds tongue away from posterior pharynx.
Only used in unconscious patients (occasionally used for Pierre-
Robi n or choanal atresia in conscious neonates but may induce
gagging). Size: place flange at level of central incisors with
bite block parallel to the hard palate. The tip of the airway
shoul d reach the angle of the jaw. Invert as insert (not
necessary in neonates), then rotate as airway approaches the
posterior pharynx. Do not obstruct airway by pushing the tongue
posteriorly. My also be inserted without inverting the ora
airway by using a tongue depressor. This is probably preferable
to avoid trauma. Proper head and jaw position nust be nmintai ned
even once oral airway is in place. Causes gagging and may | ead
to vomiting in conscious patients which may cause aspiration
Renpve once patient can guard airway.

f. Nasopharyngeal airway - soft rubber or plastic tube.
Tolerated well. My be used in responsive patients. Qutside
di aneter should not be so large that it causes sustained

bl anching of ala nasae. Length: neasure distance fromtip of
nose to tragus of ear. Lubricate when insert. May danmge
adenoi dal tissue resulting in a nose bleed that may conprom se
ai rway.

g. Esophageal Obturator Airway - not recommended for pediatric
patients.

Car di ac/ Vascul ar
1. Unless real concerns exist for cardiogenic shock, "prinme the
punmp"” with 20 cc/ kg of isotonic fluid (LR, NS or 5% al bunin.)

Renenber that in liver disease LR causes increased |actate |evels and
aci dosi s.
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2. Large anpunts of fluid may be necessary for resuscitation
Children with septic shock may require > 100 cc/kg in the first 24
hours. G ve whatever is needed (or as one esteened intensivist was
heard to say- stop counting, keep pushing).

a. |f no change in status after initial bolus then repeat as
necessary.

b. Place a CVP lines and follow CVP to guide therapy (if |ow,
give fluid, if high and still hypotensive or porrly perfused,
consi der inotropes). Also, assess for physical signs of
vol ume overload such as rales, increased liver size,

di stended neck veins, and gallop. A CXR will help to assess
heart size.

c. |If CVP rises without inproved perfusion after fluids, then
consider punp failure and need for inotropes/pressors. An
echo can be hel pful to assess cardiac function. Consider
pl acenent of a pulnmonary artery catheter to better assess
| eft heart preload and cardi ac output.

3. |V access- see PALS manual. Don’t forget intraosseous
access in energencies, especially in children < 6 years ol d!

a. To place an intraosseous cannul a: use sterile technique,
identify the tibial tuberosity, insert the intraosseous cannul a

1 - 3 cmbelow (distal) to the tuberosity on the nedial side of
the tibia, direct the needl e perpendicular to the |Iong axis of
the bone or slightly caudal (toward the toes) to avoid the

epi physial plate, use a firmtw sting notion. Do NOT use an IO in
a fractured bone.

b. Stop advancing the needl e when you feel a sudden decrease in
resi stance as the needle enters the marrow cavity. The needle is
in the marrow cavity if:

(1). You felt the decrease in resistance as you entered the
marrow cavity.

(2). The needle can remain upright w thout support.

(3). Marrow can be aspirated (looks red and grainy) - not
al ways achi evabl e.

(4). Fluid flows freely wi thout subcutaneous infiltration.

VI. Specific Agents - (for doses see algorithnms and code drug sections inside
front and back covers).

A. I notropes/Vasopressor
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1. Indicated in patients with hypotension or poor perfusion despite
vol ume resuscitation.

2. Most agents are synpathom netic and work via al pha or beta
receptors.

a. Beta-1 receptors: found nostly in cardiac myocytes,
stinmulation resoults in increased HR and contractility.

b. Beta-2 receptors: found primarily in blood vessels and
bronchi, stinulation results in dilation.

c. Alpha-1 receptors: found primarily in blood vessels,
stinmulation results in constriction

3. Specific Agents
a. Dopani ne

(1). Acts on al pha, beta, and dopami nergic receptors at
di fferent dosage ranges.

(a). dopaminergic effects: 1-3 nctg/kg/mn, increased
renal perfusion and splanchnic bl ood fl ow

(b). beta-1 effects: 4-10 ntg/kg/ mn, increased HR
and contractility.

(c). alpha-1 effects: 10-20 ntg/kg/ mn,
vasoconstriction.

(2). Uses

(a). Hypotension or poor perfusion unresponsive to
fluid resuscitation.

(3). Precautions

(a). Side effects include tachycardia, dysrhythn as
hypertensi on, extravasation necrosis (treat with
Regi tine).

(b). > 50% of dopamine’s action is indirect via nerve
upt ake and conversion to norepi. Sick children may
not have adequate intrinsic catechol am ne stores to
rel ease. Thus dopanine may be ineffective, and

epi nephrine may be a better drug in children with
shock.

b. Epinephrine-The drug of choice in post arrest situations and
in nmost pediatric pateints with severe shock
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(1). Actions — Acts on al pha and beta receptors

(a). beta-1: 0.05-0.3 ntg/kg/ mn, increased HR and
contractility.

(b). alpha-1: 0.3-5 ntg/kg/ mn, vasoconstiction
(2). Uses

(a). Simlar to dopamine. My be effective when
dopamine is not, as all actions are direct.

(b). Synmptomatic infant or child with bradycardia
unresponsive to ventilation and oxygen adm nistration

(3). Precautions

(a). Simlar to dopamine. Also causes increased
myocar di al oxygen consunption. My cause decreased
spl anchni ¢ perfusion.

Nor epi nephri ne

(1). Actions - primarily al pha effect, increases
systeni c vascul ar resi stance.

(2). Used in shock with hypotension despite vol une
resuscitation and adequate inotropic support. Sonetines
used as a first line vasopressor in septic shodk

(2). Precautions - potential for decreased regiona
per fusi on.

Dobut am ne - Actions

(1). Actions- primarily Beta 1 effect, 5-20 ntg/kg/ mn,
i ncreased HR, increased contractility, vasodilation

(2). Used for congestive heart failure or to treat
hypoper fusi on associated with high vascul ar tone.
Contraindicated in patients with hypotension.

M I rinone

(1). Actions- a phosphodi esterase inhibitor, MIrinone
exhibits both inotropic and vasodilatory effects by

i nhi biting phosphodi esterase Il resulting in increases in
myocyte and vasul ar snmooth nmuscl e cAWP

(2). Used for CHF, cardiac dysfuction and afterl oad

reduction s/p cardiac surgery, and in shock with cardiac
dysfuction and hi gh vascul ar tone.
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B. O her

(3). Dose: 50 ncg/kg load, followed by infusion of 0.5-
lncg/ kg/ min.

(4). Precautions: Rarely causes thronbocytopenia. Potenti al
for hypot ensi on.

agents

1. Lidocaine

a.

Most useful drug for ventricular ectopy as it decreases

automaticity.

b

C.

I ndications - VFib, Vtach or synptommtic ventricul ar ectopy.

Precauti ons:

(1). reduce the infusion rate in shock, CHF, cardiac
arrest, liver dysfunction.

(2). toxicity = nyocardial/circulatory depression, CNS
synptoms i nclude seizures.

2. Bretylium

a.

b

Ef fective in VFib unresponsive to usual ACLS support.

Not well studied in pediatrics.

3. Atropine

Actions - parasynpathol ytic

a.
(1). Accelerates sinus/atrial pacemakers
(2). Increases AV conduction

b. Indications
(1). Synptomatic bradycardia
(2). Vagally nediated bradycardia (fromintubation).

c. Precautions
(1). Smaller than vagolytic dose nay cause paradoxica
bradycardia (nmn dose 0.1 ny).
(2). May mask hypoxia i nduced bradycardi a.

4., Calcium- indicated only with docunented hypocal cem a, and in

treatment of hyperkal em a, hypernmagnesi um and Ca-channel bl ocker
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over dose.

5. NaHCG3

a.

Use with caution,
when acidosis is not correcting with other

resuscitation.
of bicarb to conpletely correct the acidosis.

b

Adequat e ventilation nust be assured or

Base deficit X weight (in kg.) X 0.3 =

respiratory acidosis.

C.

d.

6. Antimicrobials -
i medi ately.
daily nmeningitic dose.
pati ents,

a.

Results in intracellular and CSF aci dosi s.
curve to the left with inpaired tissue oxygen delivery.

G VE SLOALY to avoid bradycardi a.

preferably with ABG as a gui de. Consi der

met hods of

it wll

Don't mx with Ca or catechol am ne i nfusions.

Neonat e:

ng/ kg dependi ng on wei ght) or

100mg/ kg. Meningitis doses for Anp.
ng/ kg/ day. | f already on antibiotics or

consi der Vanconyci n and Am kaci n.

use

the nEq’ s

aggravate

Shi fts oxyHgb

in suspected septic shock give antibiotics
PUSH the antibiotics and initially give half the ful
The following are first doses in septic
to be foll owed by nmaintenance doses:

Ampicillin 100 ng/ kg and Gentamicin (1.25 to 2.5
i nstead of Gent.,
and Cefotaxinme are 200

has i ndwelling |ines,

Cef ot axi ne

Neonat al Dosages (ng/kg) and Intervals
W < 1200 ¢ Wei ght 1200 - 2000 g Wei ght > 2000 ¢
Antibiotic | Route
Age 0-4 wks Age 0-7 days > 7 days Age 0-7 days > 7 days
Am kaci n v, IM 7.5 q 7.5 q 7.5 q 10 g 12 hrs 10 g 8 hrs
18-24 hrs 12-18 hrs 8-12 hrs
Vanconycin IV 15 q 24 hrs 15 ¢ 15 ¢ 15 g 12 hrs 15 g 8 hrs
12-18 hrs 8-12 hrs
Ampicillin IV, IM 50 q 12 hrs 50 q 12 hrs 50 q 8 hrs 50 q 8 hrs 50 q 6 hrs
Cef ot axi me IV, IM 50 q 12 hrs 50 q 12 hrs 50 q 8 hrs 50 q 12 hrs 50 q 8 hrs
b. Infants 1-2 nmos: Anpicillin 100 ng/ kg and Cef ot axi ne 100
nmg/ kg. |If already on antibiotics or has lines in, consider

Vanconycin and Am kacin (see follow ng table).

25 -

50 ng/ kg/day IV divided q 8 hrs.

C.

Chil dren >

2 nos use

a. Anpicillin 100 ng/ kg and

b. Cefotaxinme 100 ng/kg or

c. Ceftriaxone 100 ny/ kg
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e.

If already on antibiotics or

has lines in consider

Vancomyci n and Anmi kacin (see table below). Consider

Acycl ovi r

25 -

50 ng/kg/day 1V divided q 8 hrs.

Dosages (mg/kg) and Intervals for Children and O der Infants
Anti biotic Rout e Dosage I nt erval
Anmi kaci n v, I'M 15 - 22.5 ng/ kg/ day g 8 hrs
40 ny/ kg/ day
Vancomyci n 1V (meningitis q 6 hrs
60ny/ kg/ day)
100 - 200 ng/ kg/ day
Ampicillin v, I'M (rmeningitis 200 - g 6 hrs
400 ng/ kg/ day)
100 - 150 ng/ kg/ day
Cef ot axi me v, I'M (rmeningitis 200 g6 - 8 hrs
ng/ kg/ day)
50 - 100 ngy/ kg/ day g 12 - 24 hrs
Ceftri axone v, I'M (meningitis 100 (g 12 hrs for
ng/ kg/ day) meni ngitis)

7. FFP for

8. 0 neg blood can be used for
crossmat ched bl ood is avail abl e.

bl eeding difficulties (see that section).
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PO SONI NG -

GENERAL MANAGEMENT

The clinician should maintain a high index of suspicion to be able to arrive

at the often difficult diagnosis of poisoning. Strongly consider
in any patient with an unexpl ai ned | oss of consci ousness. For

an i ngestion

for
1 - 800 -

I. Seven Phases of Poi soni ng Managenent.

a discussion with a toxicol ogi st cal
PO SON -

1

patient conmes first.

A. First,

B. ABC s of resuscitation then add “D" for

treat the patient,

C. Disability;

1. Performa brief neurologic exam establish the |eve
consci ousness (d asgow Conmm Scal e),

reactivity.

2. Institute drug therapy:

3. Consi der

Il. dinica

decont am nati on:

oxygen,

ocul ar,

t he Poi son Contro

any questions or
Center at

Emergency stabilization of the

dextrose,

dermal, d,

not the poison !

etc.

eval uation (see specific chapters in this manual

of
deternmine pupillary size and

nal oxone as i ndi cat ed.

as well)

A.  Synptom conpl exes (toxidromes) may give clues to an unknown

poi soni ng.
be present

(al so see tahles at end of chapter).

Not al

fi ndi ngs may

I M xed ingestations may present with confusing findings.

Drug C ass Level of Pupi | s Vit al M scel | aneous
Consci ousness Si gns
1. Anticholinergics Delirium Mydriasis |-HR, -T, -BP, | Flushing, hot skin,
(atropine, cyclic psychosi s, (dilated) |Arrhythmas - |dry skin,
anti depressants, sei zures, coma cyclic anti- hyperrefl exi a,
anti hi st am nes) depressants urinary retention
2. Synpathom netics | Agitated, trenors, |(Dilated -HR, -BP, Sweaty, delirium
- (anphet am nes, psychosi s, hyper- -T
cocai ne) active, seizures
3. Opiates Euphoria, coma Pi npoi nt "RR , HR Shal | ow
(narcotics, BP, T respirations,
cl oni di ne) hypor ef | exi a
4. Organophosphat es Sedat ed, comm M osi s -"HR, -"BP “S.L.UD’
(pupill- sal i vation
lary lacrimation
constric- urination,
tion) defecation, also
fascicul ati on,
bronchorrhea
5. Barbiturates, Conf usi on, conmg, Mosis or | "RR BP, At axi a, nystagnus,
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sedati ves-hypnotics, | slurred speech Mydriasis [T hypor ef | exi a

et hano

6. Phenot hi azi nes- Sedat ed, conm, M osi s BP, "T, -HR | Dystonic rxns,

Hal operi dol trenor, seizures at axi a, back
arching, trisnus,
torticollis

Drug C ass Level of Pupi | s Vit al M scel | aneous
Consci ousness Si gns

7. Salicylates Let har gy, - -RR, -T Vom ting, tinnitis,

sei zures, comm met. aci dosis

8. Theophylline Agitation, trenor, - -RR, -HR, Nausea, vomting,

sei zures “BP hypokal em a, net.
aci dosi s

9. Met hanol, sedat ed, vi sual - - RR oxal ate crystals in

et hyl ene gl ycol di st ur bances uri ne (ethyl ene
glycol), osnpl al
gap

Signs or synptonms may al so provide valuable clues to identifying the agent.
Si gn or Synptom Associ at ed Drugs
Bradycardi a b- bl ockers, cyclic antidepressants, cal cium channel bl ockers,
cloni dine, digoxin, thioridizines, mesoridizine, nicotine,
car bamat es, organophosphates, opiates
Tachycardi a and anmphet am nes, synpat hom netics, cocaine, cyclic
myocardial irritants anti depressants, caffeine, theophylline, propoxyphen, beta
agoni sts, digoxin, thioridizines, nmesoridizine,

anticholinergics, procainani de
cyani de, freon sol vents,

or ganophosphat es,

carbon nonoxi de,

phenot hi azi nes

Hypot ensi on

diuretics, b-blockers,
bl ockers, clonidine, imdazoles,
anti depressants,
nesori di zi ne, caffeine,
agoni sts, quinine, quinidine,
car bamat es, organophosphates,
cyanide, nitrites,

bar bi turates, ethanol

t heophyl |'i ne,
NSAI DS,

ACE i nhibitors,

cyclic antidepressants,
propoxyphen,
i suprel,
carbon nonoxi de,
opi at es,
phenot hi azi nes

cal ci um channe
serotoni n reuptake bl ocking

t hi ori di zi nes,
bet a
ni cotine,

Hypert ensi on

anphet ani nes, synpat hom netics, cocaine,
cl oni dine, imdazoles, nicotine,
car bamat es,

MO,
anti chol i nergics,
or ganophosphat es

phencycl i di ne,

Hypogl ycem a

or al
b- bl ockers

al cohol
aspirin,

i nsulin,

hypogl yceni ¢ agents,

CNS depr essi on

hypnoti cs,
anti chol i nergics,
or ganophosphat es,

opi ates, sedative -
anti depressants,

[ithium carbanmates,
cyani de, salicyl ates, ethanol

anti convul sants,
iron,
freon,
met hanol

anti psychoti cs,
phencycl i di ne,

car bon nonoxi de,
et hyl ene glyco

Sei zur es

NSAI DS, anphet ani nes, synpat hom netics,
anti depressants, anticholinergics, iron,

phencycl i di ne, organophosphat es,

carbon nonoxi de, cyani de, canphor,

cocai ne
t heophyl I'i ne,
i soni azi d, phenothi azi nes,
strychni ne,

tegretol
I'ithium

sal i cyl ates

CNS agitation

antichol i nergi cs, anphetani nes,
t heophyl I'i ne, salicyl ates,

synpat hom neti cs,
cocai ne,

caf f ei ne,
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| phencycl i di ne, carbon nmonoxi de

B. History - focused and conplete.
1. Substance or substances - including ingredients. Meds in house.

2.  Maxi mum possi bl e anount (nunber in bottle originally - nunber
left)

3. Estimate ingestion - usually grossly underesti mted.
4. Estimated time of ingestion

5. Synptons.

6. Hone treatnent.

7. Significant PVMH hobbies (glue exposure ?), recurrent episodes
etc.

8. Parents vocati on.

C. PE - Vitals, |level of consciousness (GCS), notor function, eyes
(pupils, EOM fundi), nouth (lesions, odors) heart (rate, rhythm,
lungs (rate, pattern), skin, odors (breath, clothing), can the patient
mai ntain the airway ?, does the patient have a gag ?.

D. Major nodes of presentation - COMA, cardiac arrhythm as, metabolic
aci dosi s, G disturbances, seizures.

E. Lab exam (individualize) CBC, |ytes, BUN, creat, glucose, calcium
dextrostix, LFT's serumosnolality, ABG EKG CXR, KUB, urine and bl ood
for TOX screen, drug levels if intoxicant known.

F. Cal cul ate ani on gap
1. [Na*] - ([HCO3'] + [C1]) = A G
2. Normally 12 - 14 nEq/Liter

3. Causes of increased anion gap (see Peds. Resus. chapter as well),
Mhemoni c: “CAT MJUD PI LES”

- Cyani de, carbon nonoxi de

- Al cohol

- Tol uene

Met hanol

- Uema

- DKA

- Par al dehyde

- lron, Isoniazid, Inborn errors of netabolism

—ovTocCcZz4H>»0
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E
S

Lactic Acidosis
Et hyl ene gl ycol
Salicyl ates, Strychnine

G Calculate osnolality:

1

2.

3.

4

2[Na*] + [glucose/ 18] + [BUN2.8] = Osm
Osnolal gap = lab osnoblality - calculated osnmolality
Normal ly < 10 mOsm

OGsnol al gap is increased with acetone, ethanol, ethylene glycol

i sopropyl al cohol, nmannitol, nethanol, propylene glyco

I1l. Elimnation of the poison fromthe G tract, skin and eyes

A

Gastric enptying

1

Syrup of Ipecac - usually used at home, rarely used after

presenting to nmedical facility.

2.

a. Dose - < 1 year = 1 cc/kg
1to 12 years = 15 n
> 12 years = 30 m
b. Followwith water or juice (induction of enmesis will be

delayed if given with nmlk) - may repeat once if no enmesis in 30
m nut es- keep enesis for analysis

c. Contraindications:

- lost gag reflex, decreased |evel of consciousness,
sei zures

- ingestion of agent that rapidly depresses nmental status
(cyclic antidepressants, hypnotics, strychnine)

i ngestion of caustic agent

petrol eum di stillate/hydrocarbon ingestion
- Nissen fundoplication
- < 6 nmonths of age

Gastric lavage - usually used for extrenely toxic substances, in

cases of unknown ingestions or when | oss of consciousness is present

a. \Wien patient is unable to protect their own airway, intubate
bef ore proceedi ng
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b. Place large bore OG NG tube (16 - 36 Fr)

c. Confirmplacenent by auscultation, place patient in |eft
| ateral decubitus position (left side down) with head | owered.
Consi der the use of a bite block in older patients.

d. Warmsaline is instilled in aliquots until stomach contents
are clear.

e. Contraindicated - alkalis, sharp objects, pills larger than
| avage hose.

B. Activated Charcoal

1. Al npst irreversibly absorbs drugs and chem cals, preventing
absorpti on.

2. Consider for all significant toxic ingestions; poorly binds Fe
and Lithium not to be used in caustic ingestions because of poor
bi ndi ng and nmekes endoscopy difficult.

3. Dose = 1 gmkg or 30-60 gmfor children and 60-100 gmin adults.
Prepared as a slurry with a ratio 1:4 charcoal to water. Goal is to
have a charcoal to toxin ratio > 10:1

4. Repetitive doses of charcoal (1 gmkg q 4-6°) will help clear
enterohepatic circul ation of some drugs (carbanmazepi ne, digoxin,
phenobarb, salicyl ates, theophylline).

5. Cathartics such as sorbitol (5 m/kg) can be used with first dose
of charcoal to prevent constipation.

6. Cathartics should not be used repetitively as it will cause fluid
and el ectrol ytes di sturbances.

IV. Antidotes (see tables at end of chapter)

A. Use of specific antidotes is invaluable; unfortunately few poisons
have anti dotes

B. Contact poison control for specific antidotes and doses
V. Elinmination of the Absorbed Substance
When indicated, the following 5 nodalities can be used:

A. Supportive therapy (while the patient nmetabolizes the particul ar
poi son). Intubation, ventilation, even ECMO

B. Forced diuresis (falling out of favor)
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1. Wen used with pH nodification, patient needs close nmonitoring
for toxicity.

2. 11/2 - 2 X nmaintenance (3000 cc/N?/day) (see DKA or Acute Tunor
Lysis chapters for M nonogram or cal cul ati on)

3. U O should approach 3-6cc/kg/hr
C. Al kalinization

1. Ingestions of phenobarbital, salicylate.

2. 0.5-2 nEg/ kg/ hour IV NaHCO3 - titrate to keep urine pH 7.5-8.0.
D. Acidification

1. Used for ingestions of anphetam ne, chloroquine, |idocaine,
qui ni di ne

2. Anmonium chloride 75 ng/kg/day , q 4-6° p.o. (contraindication -
hepatic insufficiency)

3. Keep urine pH5.5 -6.0

E. Adsorbent henpperfusion and dialysis (consult nephrol ogy)
1. Dialysis has been used for many substances, sone of which are:
ammoni a, anphetam nes, anilines, antibiotics, barbiturates, boric
acid, bromi des, calcium chloral hydrate, ethylene glycol, fluorides,

i odi des, isoniazid, nmeprobamate, nethanol, paral dehyde, potassium
qui ni di ne, quinine, salicylates, strychnine, thiocyanates

VI. Supportive Therapy and Observation

The support of respiration, circulation, and other vital functions takes
priority over all other aspects of therapy.

VII. Disposition

A. My involve nedical and/or psychiatric followup (if inpatient
psychiatric treatnent is necessary the psych. residents will arrange)

B. Consider social service invol vement

C. "Preach" preventive nedicine
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SUMVARY OF ANTI DOTES #

PO SON

ANTI DOTE( S)

Acet am nophen

N- Acetyl cystei ne (Miuconyst) initial dose of
140 my/ kg PO in water, cola, juice or soda:
then, 70 ng/kg q 4 hr for 68 hrs (17 doses, 18
total doses), see chapter

Anti chol i nergics

Physostigm ne (adult, 2 ng; child, 0.5 ng) IV,
may repeat in 15 mn. until desired effect is
achi eved; subsequent doses g 2 - 3 hrs. prn.
(CAUTI ON: may cause seizures, asystole, chol -
inergic crisis)

Anti chol i nest er ases

Or ganophosphat es

Car bamat es

Atropine 2-5 ng (adults); 0.05-0.1 mg/kg (in
children) IMor 1V, repeated q 10-15 min unti
atropini zation i s evident;

Pralidoxime chloride 1-2 grans (adults); 25-

50 mg/ kg (in children) IV, repeat dose in 1 hr
prn, then q 6-8 hrs for 24-48 hrs. Consider
constant i nfusion.

Atropi ne as above; pralidoxinme for severe
cases

Benzodi azepi nes

Fl umazenil 0.01 ng/kg IV, max. dose 3 ng
(estimated pediatric dose)

Bet a- adrener gi ¢ bl ockers

d ucagon 50 micrograns/kg |V

Cal ci um channel bl ockers

Cal cium chloride 10% 10 m (adult); 0.2 m/kg
(pediatric) IV or Calciumgluconate 10% 30 ni
(adult); 0.6 m/kg (pediatric) IV

d ucagon 50 micrograns/kg |V

Car bon nonoxi de

Oxygen 100% i nhal ati on, consi der hyperbaric
for severe cases

Cyani de Adult: Amyl nitrate inhalation (inhale for 15-
30 sec every 60 sec) pending adm nis-
tration of 300 ng sodiumnitrite (10 m
of a 3% solution) IV slowy over 2-4
mn., followimmediately with 12.5
grams sodiumthiosulfate (2.5-5 m/mn
of 25 % solution) IV
Children: (Na nitrite should not exceed rec-
omrended dose because fatal netheno-
gl obi nem a may result, see bel ow)
T Initial dose 3% Initial dose 25%
Henogl obi n Na nitrite IV Na thiosulfate IV
8 g 0.22 m (6.6 nmg)/kg 1.10 m/kg
10 g 0.27 m (8.7 my)/kg 1.35 m/kg
12 g (nl) 0.33 mM (10 nmg)/kg 1.65 m/kg
_ 14 g 0.39 M (11.6 ng)/kg 1.95 m/kg
Digitalis Fab anti bodi es (Digibind): dose based on anmount

i ngested and/or digoxin | evel (see pkg. insert)

Et hyl ene gl yco

(see net hanol)

Fl uori de

Cal ci um gl uconate 10% 0.6 m/kg IV slowy
until synptons abate, serum cal ci um nornmali zes,
repeat prn
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PO SON

ANTI DOTE( S)

Heavy netal s/ usual chel ators

Arsenic / BAL

Lead / BAL, EDTA (+ pen
cillam ne), DWMSA, (see
chapter)

Mercury / BAL, DMSA

BAL (dinmercaprol): 3-5 ng/kg/dose deep IMq 4
hours for 2 days, every 4-6 hours for an add-
itional 2 days, then every 4-12 hours for up
to 7 additional days

EDTA 50- 75 ng/ kg/ 24 hours deep IMor slow IV
i nfusion given in 3-6 divided doses for up to
5 days,; nmay be repeated for a second course
after a mninmum of 2 days; each course should
not exceed a total of 500 ng/ kg body wei ght

Penicillam ne 100 ng/ kg/ day (mex. 1 gram PO
in divided doses for up to 5 days; for |long
termtherapy do not exceed 40 ng/ kg/ day

DVBA (succi mer) 350 ng/ M2 (10 ng/ kg) PO
every 8 hours for 5 days, foll owed by

350 ng/N? (10 ng/ kg) PO every 12 hours
for 14 days

I ron Def er oxam ne: 5-15 ng/ kg/ hr 1V; use higher dose
for severe synptonms and decrease as patient
recovers (see chapter)

| soni azid Pyri doxi ne 5-10% 1 gram per gram of | NH
i ngested IV slowy over 30-60 m n.

Met hanol and Et hyl ene Et hanol, | oadi ng dose to achieve bl ood | evel of

d ycol 100 ng/ dl
Adult: 0.6 granms/kg + 7-10 grans to be infused

I'V over 1 hour
Children: 0.6 grams/kg to be infused over 1
hour
Mai nt enance doses shoul d approxi mate 10
grans/ hour in adults and 100 ng/ kg/ hour in

children, to be adjusted according to neasured
bl ood ethanol |evels
ALSO

Folate 50 -100 ng IV every 6 hours (nethanol)
Thi am ne 0.5 ng/ kg and pyridoxi ne 2 ng/ kg for
et hyl ene gl yco

Met henogl obi nemi ¢

Met hyl ene blue 1% 1-2 ng/kg (0.1-0.2 nl/kg)

agents IV slowy over 5-10 min if cyanosis is severe
or net henogl obin level is > 40%
Opi oi ds Nal oxone 0.1 ng/kg IV, I Msublingual or via ETT

Phenot hi azi nes
(dystonic reaction)

Di phenhydram ne 1-2 nmg/ kg slow IV or I M
Max. dose 300 ng/day

Warfarin (and superwarfarin

Vit. Kadult: 10 ng; children: sl ow 1V,

1-5 nyg,
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rat poi sons) IM SQ or PO

# Adapted from Fleisher, GR et al: Textbook of Emergency Medicine (3rd ed.)
WIllianms and Wl kins, Baltinore, 1993, pg's 756-757
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TOXI C SYNDROVES

SYNDROVE

MANI FESTATI ONS

TYPES

Anticholinerg
c

“mad as a hatter, red as a
beet, blind as a bat, hot as
a hare, dry as a bone”

Par asynpat hol ytic: dry skin/
mucous nenbranes, thirst,
dysphagi a, blurred vision
(near objects), fixed,
dilated pupils, tachycardi a,
hypertension, flushing,
scarletiniformrash,

hypert herm a, abdom na

di stention, urinary urgency
and retention

Central : | ethargy, confusion,
delirium hallucinations,

del usi ons, ataxi a,
respiratory failure

cardi ovascul ar col |l apse,
extrapyram dal novenents

Bel | adonna al kal oi ds, atropi ne,
scopol am ne, plants (jinmson weed,
ni ght shade, nushroons, Jerusal em
cherries), phenothiazines

Synt hetic: d ycopyrrol ate
Ot hers: Anti histani nes,
cyclic antidepressants

Anti chol i neste
rase

Muscari ni c: sweating,
constricted pupils,

| acri mati on, wheezi ng,
cranps, voniting, diarrhea
t enesnus, bradycardi a,

hypot ensi on, blurred vision
urinary incontinence,
excessive salivation

Ni cotinic: Striated muscle:
fasci cul ati ons, cranps,
weakness, tw tching,
paral ysis, respiratory
conprom se, cyanosi s,
arrest

cardi ac

Synpat heti c gangli a:
tachycardi a, hypertension

Central . anxiety,

restl essness, ataxia,
convul si ons, insomia, comm,
absent refl exes, Cheyne-

St okes br eat hi ng,
respiratory/ circulatory
depr essi on

Or ganophosphat es, carbanate

i nsecticides

Chol i nergic

see antichol i nesterases;

Acetyl choline, betel nuts,
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ni cotinic and nmuscarinic

bet hanecol, nuscarine, pilocarpine

cut aneous bul | ae,
gastroenteritis

Ext rapyr am dal Par ki nsoni an: dysphoni a, Chl or pronmzi ne, hal operi dol
dysphagi a, ocul ogyric crisis, | perphenazine, pronmazine,
rigidity, trenor, thioridazine, trifluoperazine
torticollis, opisthotonos,
shrieking, trisnus

Henogl obi nopat di sori entation, headache, Car boxyhenogl obi n (car bon

hy coma, dyspnea, cyanosis, nmonoxi de), met henogl obi n,

sul f hermogl obi n

yawni ng, hal |l ucinosis

Metal funme chills, fever, nausea, Fumes of oxides: brass, cadm um
fever vom ting, nuscul ar pain, copper, iron, magnesium nmercury,
t hroat dryness, headache, ni ckel, titanium tungsten, zinc
fatigue, weakness,
| eukocytosis, respiratory
di stress
Narcotics CNS depression, pinpoint Codei ne di phenoxyl ate (Lomtil),
pupils, slowed respirations, fentanyl, heroin, norphine, opium
hypot ensi on oxycodone
Response to nal oxone: pupils
may dil ate and excitenment my
predom nat e
Nar coti c di arrhea, nydriasis, goose Cessation of: al cohol
wi t hdr awl burmps (pil oerection), bar bi turat es, benzodi azepi nes,
hypertensi on, tachycardi a, chl oral hydrate, gl utethimde
i nsomi a, lacrimation, muscle | meprobamate, nethaqual one,
cranps, restlessness, narcotics, opioids, paral dehyde

Synpat homi et i
c

CNS excitation, convulsions,
hypertensi on, tachycardia

Anmi nophyl I'i ne, anphet ani nes,
caf fei ne, cocai ne, dopam ne
ephedri ne, epinephrine,
fenfluram ne, |evarterenol
met hyl pheni dat e, penoli ne,
phencycl i di ne

Approach for the

Medi ci ne,

Ref :
Emer gency Depart nment
Tintihalli et al.

Physi ci an,
eds.
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Met ab

A

B.

C.

ACETAM NOPHEN PO SONI NG

olism
Sul fation, glucuronidation, CP-450 pathway

1. Only CP-450 pathway produces toxic netabolites (especially as
gl utat hione stores are depleted in toxic ingestions).

2. Main toxicity is to the liver, children (< 6 y/o0) are |less
susceptible to liver damage than adults.

Most comon toxic ingestion in U S A

Readi | y absor bed.

Clinical Course

A

B.

C.

D.

E
di e,

F.

Stage 1 (0-24 hrs post-ingestion).

1. Nausea, vomiting, diaphoresis, anorexia.

2. CNS depression is rare unless a coingestion exists.

Stage 2 (24-48 hrs) initial manifestation of |liver injury.

1. dinically inproved.

2. SGOT, SGPT, bili, PT begin to rise.

Stage 3 (48-96 hrs), meximal hepatotoxicity

1. Asynptomatic to fulmnant hepatic failure.

2. AST val ues > 20,000 not unusual

3. Fatalities occur between 3 and 5 days; survivors reach stage |V.
Stage 4 (4 days - 2 weeks)

1. Resolution of hepatic dysfunction usually conplete by one week

Patients who are treated |ate or who are untreated and eventual ly
mai ntain high levels of |liver enzynes beyond 72-96 hrs.

M scel | aneous (unusual)
1. Hemmtol ogic - coagul opathy secondary to |iver dysfunction
(anem a, thronbocytopenia, agranul ocytosis, methenogl obinema with

phenaceti n)

2. Hypersensitivity (macul opapul ar rash, |aryngeal edenmm, urticaria,
angi oederm, anaphyl axi s)
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3. Renal (ATN, ADH effect, acute renal failure) occurs in 25% of
cases with docunented hepatotoxicity

4. Cardi onyopat hy/ myocarditis
5. Metabolic (hypoglycenm a, netabolic acidosis, hyperanmonem a)
6. Dermatitis
7. Neurologic (cerebral edenm, herniation)
1. Managenent
A. Assessnent of toxicity of ingestion
1. History

a. Toxicity unlikely for dose < 150 ng/kg in children or 7.5
grans in adults.

b. History often unreliable (lack of know edge, faulty
recol |l ection, active deception).

2. Acet ani nophen | evel .
a. Draw at |least 4 hrs post ingestion
b. If you can get |evel back quickly, then await results and
pl ot on nonmogram treat for |evel above |lower line. (see R M

nonogram at end of chapter)

c. |If level not available quickly, then begin therapy and
continue or discontinue depending on result of 4 hour |evel

d. Only initial (4 hour) blood Ievel is used.

e. Subsequent blood levels that may fall below the |line are NOT
an indication to terninate treatnent.

B. Specific therapy
1. Enpty stonmach via |pecac or | avage as indicated.
2. Treat any other coingestant with the standard approach
3. Draw baseline LFT's, PT, lytes, BUN, Cr, d ucose, tox. screen

4. Activated charcoal should be used if |ess than 4 hours have
el apsed since ingestion or if a mixed ingestion is suspected.

a. Activated charcoal will bind N-acetylcysteine (NAC, nuconyst)
but with the | arge doses of NAC adninistered, there's only a
smal | decrease in bioavailability. Gastric | avage of the charcoa
I'S NOT necessary prior to adm nistration of NAC
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b. NAC is rapidly absorbed in stonach and proxi mal small bowel
so nost efficacious if given a short tine after charcoal

c. NAC (N Acetyl cysteine, , Miconyst) pronotes glucuronyl system
hopeful ly preventing CP-450 toxin accunul ation

5. Prepare NAC as 5% solution in water, grapefruit juice or a cola
beverage (it will taste and snell terrible).

6. NAC dose - 140 ng/ kg loading followed by 70 ng/kg q 4 hrs x 17
doses (18 doses total).

a. No difference exists in the incidence of hepatotoxicity if
NAC is given anytinme within 8° after ingestion

b. Standard of care has been to treat as |late as 24 hours after
i ngestion.

c. My be beneficial to treat later than 24 hours especially if
still can detect acetani nophen level. (indicates initial
el evati on)

7. |f any dose is vomited within one hour of administration, repeat
t he dose.
8 If enesis beconmes a constant problem the NAC nay be admi nistered

by DUODENAL i ntubation or may give antienetics (eg. netoclopram de

1 - 2 nmg/kg/dose q 2 - 6 hours |V, netocl opram de may cause
extrapyranmi dal sx. so prenedicate with di phenhydram ne 5 ng/kg/ day
divided q 6 hours PO NG or use another antienetic such as phenergan
0.25 - 0.5 ng/kg/dose PO, NG or PR g 4 - 6 hours prn, adult dose is
12.5 - 25 my q 4 - 6 hours).

9. SGOT, SGPT, Bili, PT should be followed daily for at |east 4 days
if a significant ingestion occurred.

a. If abnormal, followtill nornmlize.

b. If normal, then repeat at 8 days.
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ASPI RI N PO SONI NG

I .  Pharmacoki netics

A

Absorption

1. Therapeutic doses are rapidly absorbed in stomach; gastric
enptying is delayed in overdoses. In |arge ingestions the
tablets nay formconcretions that can remain in the stomach for
many hours. They may slowly rel ease salicylates and prolong the
toxicity. Gastric lavage with epigastric or even endoscopic
maeni pul ati on nmay be necessary to break up and renmpve such nmsses.

2. Enteric-coated preps delay absorption even | onger; peak serum
salicylate |l evels can occur up to 60 hours after an excessive
i ngestion.

Met abol i sm and Excretion

1. 80 % of a nornal dose is conjugated with glycine and gl ucuronic
acid in liver.

2. These pathways are rapidly saturated, even at therapeutic plasnma
salicyl ate concentrations.

3. After their saturation, renal excretion becones increasingly
i mportant.

Di stribution
1. Unbound, nonionized fraction of salicylate crosses nenbranes
i ncluding the blood - brain barrier. The ionized form does not cross

t he BBB.

2. As pH decreases, nonionized salicylate increases (fall in pH from
7.4 to 7.2 doubles the nonionized form.

3. This is an inportant consideration during treatnent with
al kal i ni zati on.

Il. dinical Features

A

Pat hophysi ol ogi ¢ Effects

1. Direct CNS respiratory center stinulation --> hyperpnea and
respiratory al kal osi s.

2. Uncoupling of oxidative phosphorylation causes:
a. increased heat production ---> hyperpyrexia

b. failure to produce high energy phosphates (e.g. ATP)
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c. increased oxygen utilization and CO2 production due to
i ncreased skel etal nuscle netabolism

d. increased tissue glycolysis
e. OCNS particularly sensitive; may have decreased glucose in CNS
even in the face of normal bl ood gl ucose |evel s!
3. Stinulation of lipid nmetabolism--> ketone body fornmation
4. SIADH --> oliguria, fluid overl oad
5. Henostatic effects
a. Decreased prothronbin and factor VIII fornmation
b. Decreased platel et aggregation

c. Actual henorrhagic manifestations are in practice very
unconmon

6. Electrolyte abnormalities
a. Hypernatrem a conmon
b. Assune total body K+ depletion, even if [K+] nornal
Si gns/ Synpt ons
1. Asynptomatic - No objective signs
2. MId
a. CLASSIC TRIAD: voniting, hyperpnea, hyperpyrexia

ALWAYS consi der the possibility of a salicylate ingestion
when these coincide in a patient.

b. Tinnitus
c. Hypocapnia wi thout frank acidosis
3. Moderate
a. Severe hyperpnea and rmarked | ethargy and/or excitability
b. Usually no coma or convul sions
c. Conpensated netabolic acidosis in child
4. Severe

a. Comm, possibly convul sions
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b. Unconpensated netabolic acidosis in child after 12 hours

5. Children under 4 y.o. alnost invariably have Acidosis. Acidosis
may alter the estimation of the severity of the intoxication

1. Managenent
A. Assessnent of severity of poisoning

1. Altered consciousness is the nost inportant indicator of severe
salicyl ate intoxication.

2. By history: (although clinical condition is usually the best
gui de)

a. < 150 ng/ kg is usually non-toxic

b. 150 - 300 ng/kg: mild to noderate toxicity

c. 300 - 500 nmpg/kg: severe toxicity

d. > 500 ng/ kg: potentially |letha

3. "DONE" nonmogram (see at end of chapter)

a. Only useful in single dose, acute ingestion

b. Not useful if ingestion occurred over several hours or
days, if the preparation is enteric coated or sustained
release, if the compound is G| of Wntergreen, if the
patient has renal insufficiency, or if the patient is
aci deni c.

c. An initial “nontoxic” |level nay evolve into severe ASA
poi soning. GET MORE THAN ONE LEVEL !! In |arge overdoses

salicylate | evels should be obtained q 4 - 6 hours to
deternmine that no further absorption is occurring.

B. Specific Measures

1. Induce enesis or lavage - significant amunts may be present in
stomach up to 12 - 24 hours (longer with tine rel eased products).
Enteric coated pills are |larger and may not be rempved with | avage.
X-rays may help as sone preps are radi opaque - however, if X-rays are
negative it does not rule out an ingestion.

2. Activated charcoal - multiple doses may be superior to a single
dose

a. Dose: 1 - 2 grams/kg followed by 20 - 60 grans q 3 - 4 hours
until passage of charcoal st ool

3. Saline cathartic
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4. Blood for - salicylate level (6 hrs after ingestion), |ytes,
gl ucose, ABG, PT/PTT, ionized Ca++

a. Monitor |abs frequently (q 4 - 6 hours), consider arterial
line

b. Repeat salicylate levels until downward trend established,
draw g 1 - 2 hours until levels are declining and the
patient’s clinical condition stabilizes.

5. Treat shock if present, use fluid resuscitati on as needed,

condition is likened to DKA except glucose containing fluids are
used.

6. Forced alkaline diuresis (urine output of 3 - 6 cc/kg/hour) to
i ncrease ASA excretion.

a. Use D5 1/2 NS + 15 nEg NaHCQB3/L at 3000 cc/ M /day (see
DKA chapter or Acute Tunor Lysis chapters for nonpgram and
cal cul ati on of body surface area)

b. Add 30 nEq KCL/L after good urine output obtained.

c. HCO3 nust be used with caution, especially in children >4
y.0. who will often have respiratory al kal osis and bl ood pH >
7.40, even in the face of | ow HCO3 | evels.

d. Aimof HCO3 therapy is to maintain blood pH 7.45 - 7.50
and urine pH > 7.5.

e. Watch for metabolic al kalosis, increased Na, decreased K
decreased Ca with tetany, hypoglyceni a

7. Henorrhagic tendency
a. Vit K 5-10 ng I M
b. Guaiac all stool/enesis
c. FFP for severe bl eeding

8. Hyperthermi a - sponging, cooling bl anket

9. If none of your interventions succeed, consider exchange
transfusi ons, or henodial ysis. Cbtain a nephrology consult early
on in the course. This is especially true in cases where the
salicylate level is rising, or if evidence of end-organ damage

has devel oped such as pul nonary edema, CNS deterioration
persi stent acideni a, or coagul opat hy.
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CAUSTI C | NGESTI ONS

Epi dem ol ogy

A

B.

Most comonly seen between 1 - 3 years (peak 18 - 24 nps.)

May be accidental in children and the nentally retarded - volune is
generally small because of inmediate and severe pain with the

i ngestion.

Deliberate in adults as suicide attenpt with |arge ingested vol unes.

Rarely a cause of child abuse.

Most conmon exposure is to household bleaches - relatively neutra
pH makes themless irritating than other alkalis or acids.

O her frequent exposures include automatic di shwasher agents,
| aundry detergents, sw nm ng pool products, toilet bow and oven
cleaners. (see table at end of chapter)

Pat hogenesi s

A. Esophageal burns account for the npbst serious injuries and

conplications - liquid Drano™ |ye, and ammonia are the npbst caustic
Injuries to |ips, oropharynx and upper airway occur

Sol i ds adhere to mucosa produci ng deep burns of the oral cavity and
esophagus - less likely, however, to reach stomach

Powders tend to injure upper airway causing stridor and epiglottitis
Al kal i ne agents - (pH > 7)

1. Liquefaction necrosis and early disintegration of the nucosa cause
deep penetration |eading to perforation

2. Depth of injury is related to concentration of the agent and
duration of contact with the nucosa

3. Smal |l amounts of al kaline substances with pH > 11 may cause severe
bur ns

4. Agents with pHs of 9 - 11 rarely cause serious injury unless
| arge anounts are ingested

5. In the first week inflammati on and vascul ar thronbosis cause
addi ti onal destruction

6. In the second week granulation tissue forns with weakening of the
esophageal wall nmaking it susceptible to perforation
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7. Beyond the third week fibrogenesis and stricture formation occurs
whi ch nakes perforation less |ikely

F. Acidic agents, also called corrosives - (pH < 7)

1. Coagul ation necrosis fornms a coagulum on the mucosa |liniting
deeper penetration

2. Alkaline pH of the squanpus epithelium of the esophagus is
protective of esophageal damage but not totally in all cases (see
I'l,F 5. below

3. Greater amounts reach the stonmach causing gastric injury and
perforation

4. Pooling in the antrumwi th antral spasm causes injury in the
“prepyloric” area

5. Up to 20 % of acid ingestions al so cause esophageal burns
G Batteries - small button type
1. Most measure 7.9 - 11.6 nm and pass spont aneously

2. Larger ones (> 15.6 nm) may |odge in the esophagus and |eak their
caustic contents

3. They contain silver or nercuric oxide, manganese di oxide, zinc, or
l'ithium

1. Cinical presentation

A. The presence or absence of oral l|esions or synptons does NOT
predi ct the presence or severity of esophageal or gastric burns.

B. Dysphagia is the npst common synptom It results fromalterations in
peri stal sis secondary to esophageal irritation.

C. Drooling
D. Retrosternal or abdoninal pain
E. Stridor, hoarseness, nasal flaring and retractions

F. Epiglottitis my be severe (especially in children < 2 y.o0.) and may
require intubation !!

G Vomiting and hematenesis

V. Initial managenment - (see flow sheet at end of chapter al so)
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A/ B. Al RWAY and BREATHI NG
1. Respiratory distress requires oral intubation

2. Cricothyroidotony or tracheotonmy may be necessary if trachea
vi sualization is inpossible

C. Circulation
1. Hypotension and shock (? perforation) require fluid resuscitation
2. G henorrhage may require bl ood products

D. Gastric decontam nation is contraindi cated

1. Induction of vomiting (ipecac) will reexpose the esophageal nucosa
to the caustic agent

2. Blind placenent of a nasogastric tube for purposes of |avage may
cause additional injury or even perforation of the injured nmucosa

E. Neutralizing substances are di scouraged

1. Neutralization may cause heat production and further injury
F. Dilution with mlk or water is not recomended

1. The volune needed to dilute the caustic agent is too great

2. Additional vomting may occur with | arge anounts of a diluting
agent

3. Clearly CONTRAI NDI CATED in the presence of respiratory distress
4. Not beneficial if > 1 hour after ingestion

G Labs: ABG CBC with diff, electrolytes, Ca++, BUN, creat, type and
Cross

H X - rays - of chest and abdonen
1. Perforation - see subdi aphragmatic free air, nediastinal enphysena
2. Inpending perforation - gastric dilatation, intramural air
3. Pul monary aspiration

I. Early consultation with Peds G or Peds surgery is MANDATORY

V. Endoscopy
A. Usually perfornmed in any suspected ingestion although observation

may be considered if the ingestion was questionable or if agent was
househol d bl each
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B. Done within first 24 - 48 hours after the ingestion

C. |If done < 12 hours, nmay not see full extent of injury but does not
change treat nment

D. Done under general anesthesia with severe burns, resp. distress, or
if rigid scope used

E. Flexible scope may be placed past damaged esophageal mnucosa into
stomach

F. Rigid scope is not advanced beyond first significant burn to avoid
ri sk of causing perforation

G Allows grading of esophageal burns

1. First degree: linted to edema and erythena
2. Second degree: linear ulceration and necrotic tissue with white
pl aques

3. Third degree: circunferential injury with sloughing of the nucosa
VI. Treat nment
A. Nasogastric tube

1. ONLY to be placed under direct visualization at tine of
endoscopy

2. Used with extensive circunferential burns or in possibilities of
perforation

3. Provides route for nutritional support

4. Maintains lumen during stricture fornmation

5. Serves as guide for esophageal dilatation after stricture forms

B. Corticosteroids are controversial (used to prevent strictures)

1. May be beneficial in first or second degree burns

2. Dose used is equivalent to prednisone 1 - 2 ng/kg/day (max. 60
nmg/ day) for 3 - 4 weeks; given IV until patient taking nmedication
orally

3. NOT indicated in third degree burns since strictures are
i nevitable; any nediastinitis or infection secondary to

perforation woul d be nmasked as wel |

4. NOT indicated in acid ingestions since gastric injury is nore
comon; woul d mask gastric necrosis and perforation
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5. Prophylactic antibiotics are generally used with steroids in
second degree burns because of an increased risk of infection
especially bacterial spread to the nediasti num

C. Antibiotics

1. Used in second or third degree burns even if steroids are not used

2. Reconmendati on: Unasyn 50 ng/ kg/day divided q 6 hours

3. Gentamicin use is +/-, 5 ng/kg/day divided q 8 hours

D Ud is done 3 - 4 weeks after the injury, earlier if obstruction or
dysphagi a are present

E. Batteries
1. Evaluated by X-ray
a. Pronmpt renoval if in esophagus
b. If battery is past the esophagus F/U X-ray after 3 - 4 days
VII. Early conplications
A. Systemc
1. Airway obstruction, ARDS
2. Shock
3. Nutritional failure
4. Infection
B. Gastrointestinal
1. Perforation
2. Pyloric obstruction fromedema
3. Henorrhage
VII1. Delayed conplications
A, Strictures
1. Primary conplication

2. Cccur in nost third degree burns, less likely in second degree
bur ns

3. 80 %will have obstructive synptons by 2 nonths
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4. Repeated dilatation is required

5. < 50 % will have success with dilatation and will require colonic
i nterposition

B. Pyloric stenosis

1. Cccurs with both acids and al kalis

2. Sx's develop over 3 to 10 weeks

3. Treatnment is surgical bypass or balloon dilatation
C. Esophageal carcinona

1. Incidence approximtely 5 %

2. Detection of cancer has occurred as late as 16 - 42 years after
the ingestion
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CYCLI C ANTI DEPRESSANT OVERDOSE

| nt roducti on:

A. Cyclic antidepressants include bicyclics, tricyclics and tetracyclic
forms. While showi ng undeni able clinical efficacy, their narrow
therapeutic and toxic range creates a dilemma for physicians. Cyclic
anti depressants include the tricyclics anmtriptyline, doxepin,

i mpramne, trimnmpramne, anpxapine, desipranine, nortriptyline and
protriptyline, the tetracyclic maprotiline, the nonocyclic bupropion

the triazol opyridine trazodone and the serotonin reuptake inhibitors
fluoxetine, sertraline, and paroxetine.

B. Death rate from overdose 2.2%
C. Accounts for 25% of all drug overdose hospital adni ssions.
D. Mst common cause of death from prescription drug overdose.

Pharmacol ogy - 3 ring aromatic nucleus with aliphatic am noprophyl side
chai n.

A. Absorption

1. Rapidly absorbed in alkaline small intestine with rapid
di stribution.

2. Absorption delayed in overdose because of del ayed gastric
enptyi ng and decreased G notility fromthe anticholinergic drug
ef fect.

3. Significant enterohepatic circulation |eading to decreased
excretion.

4. Up to 95% of the drug is protein bound at physiologic pH and is
i nactive. Hypoal buni neni a and aci demi a i ncrease free drug.

B. Metabolism
1. A npost entirely nmetabolized in liver.
2. Half-life variable - 10 to 81 hrs. This long half-life is due
to an extrenely large vol. of distribution from extensive tissue
distribution of the drug and its’ active netabolites. This is why
nei ther dialysis, nor henoperfusion are effective in renoving
significant quantities.

C. Mechani sm of action
1. Peripheral and central anticholinergic effect. Block nuscarinic

- cholinergic and al pha-adrenergi c receptors.

2. Block reuptake of rel eased norepi nephri ne and serotonin at
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presynaptic adrenergic nerve endings. Leads to biphasic effect
with initial excess of catechol am nes foll owed by depletion.

a. Initial accunulation of norepi --> tachycardia and
hypertensi on (al pha effects). This nmay precipitate dysrhythm as.

b. Later norepi depletion --> bradycardi a and hypot ensi on (al pha
bl ockade) or depletion. May see decreased contractility and/or
decreased vasonotor tone.
3. Inhibits fast Na* channel resulting in slow ng of depolarization
4. Direct effect on nmyocardium - with above --> disturbances in
excitability and conduction defects --> al nost any arrhythm a
Often see a quinidine - |ike conduction delay (w de QRS tachycardia
i ndi stingui shable fromV. Tach). Bradydysrhythmnm as are om nous. AV
bl ocks may al so occur
5. Earliest toxic sign is probably a QRS > 0.10 sec.
6. Death is usually due to cardiac conplications.

I1l. Cinical Presentation

A. Anticholinergic effects (less pronounced with doxepin, desipran ne
anoxapi ne and maprotiline while trazodone has little or none).

1. Tachycardia, mild HTN, blurry vision, nydriasis (often poorly
reactive), urinary retention, pul monary ederma, hypoventil ation.
Priapismis common with trazodone.

2. Dry mouth, fever, hallucinations, agitation, ataxia, absent bowe
sounds (il eus).

3. Moclonic twitching, seizures (especially w th anoxapi ne or
maprotiline) coma, flaccid paralysis hyperreflexia. Seizures nore
common if QRS > 0.16 sec. in one study.

4. Diff. Dx. of these effects includes many other antihi stam nes,
anti spasnodi cs, plants, etc.

5. Earliest signs usually tachycardia, dry nmouth, ileus, nydriasis,
and altered nental status.

B. Cardiotoxic effects (see above) - include cardiac arrhythm as,
hypot ensi on, and pul ronary edema. More conmon if QRS > 0.16 sec.

I'V. Managenent
A. Assessnent of Severity of |ngestion

1. Toxic effects are not necessarily dose dependent. Any ingestion
shoul d be considered life threatening!
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2. Ingestion of > 1000 ng generally assoc. with severe toxicity.

3. Toxic synptons may be seen with a dose of 10 ng/ kg but are the
rul e when ingestion >20 ng/ kg.

4. As mentioned, QRS > 100 nmsec (0.10 sec.) => severe toxicity.

Speci fic Measures

1. ICU, "ABC s"!! BEWARE of RAPID onset of s/s! A decrease in

| evel of consciousness and | oss of airway control may produce a
respiratory acidosis leading to increased free drug concentrati ons!

2. Continuous cardiac nonitoring, pulse oxinmetry. Make sure you have
secure |V access. EKG

a. At least 24-48 hrs of nonitoring.
b. Continue until dysrhythmia free for at |east 24 hrs.
3. Labs: Stat lytes, BUN, creat, glucose, ABG drug screen for
coi ngestants, and EKG. Drug levels not hel pful as no correlation
exi sts between plasma | evel s and synptons of serious poisoning.
4. Consider foley
5. Drug renoval
a. Gastric |lavage - can be hel pful even 24 hrs after ingestion
| pecac not reconmended as patients are frequently | ethargic and
may rapidly deteriorate to comm, seizures or dysrhythnia
b. Charcoal - Del ayed gastric enptying and enterohepatic
recircul ation make G decontam nation very inportant. Dose 1
gram kg initially then 1 gramkg every 4-6 hours for 24-48 hours
if G nmotility is present and patient is synptomatic
c. Cathartic - sorbitol
d. Left lat. decub. position nmay decrease gastric enptying.
e. Again, because of nmarked protein binding and | arge vol une of
distribution, forced diuresis, dialysis, exchange transfusion and
henoper fusi on are not indicated.
6. Drug reversa
a. Physostigmne - acetylcholinesterase inhibitor, previously

touted to reverse cholinergic synmptons, NOT RECOMVENDED due to
potential side effects including seizures, heart bl ock,
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7.

10.

11.

hypot ensi on, bradycardi a/ asystole, respiratory distress, excess
salivation, sweating, diarrhea

Management of BP
a. Hypertension rarely necessitates treatnent

b. For hypotension, correct acidosis, vasopressors
(phenyl ephrine, norepinephrine) for refractory hypotension

Correction of arrhythn as

a. NaHCO3 is the treatnent of choice. A bicarb drip 1-2

meq/ kg/ hour is initiated and titrated to keep the serum pH 7. 45-
7.55 in comatose pts, pts with QRS > 100 nsec or arrhytni as.

Al kal i zation should al so be considered in pts with a suspected

| arge ingestion. The drip is continued until the pt is stable
and has a normal EKG for at |east 24 hrs.

Ventricul ar arrhythm as
a. First try NaHCO3 bolus (1 nEq/kg).

b. Lidocaine if NaHCO3 fails (1 ng/kg then drip 20-50
m crograns/ kg/ mn).

c. Propranolol, dose 0.1 ng/kg, slowlV - nay lead to

hypot ensi on, bradycardia or asystole in cyclic antidepressant
overdoses so only use for life-threatening tachycardias after
ot her neasures have fail ed.

d. Phenytoin (Dilantin) use controversial. Has been used
successfully for vent. dysrhythm as and conduction delay. Dose
15 nmg/ kg over 15-20 min. (max. 50 ng/mn).

Bradycardi a

a. Atropine ineffective due to muscarinic receptor bl ockade and
has been associated with onset of asystole.

b. Conplete heart block, Mbitz Il heart block, and refractory
bradycardia are indications for insertion of a tenporary
pacenmeker. However, the patient nay be resistant to pacemaker
capture.

O her:

a. |If all these measures fail consider ECMO to support the
patient until detoxification occurs. WHMC was the first ECMO
center to report this successful application.

b. Resuscitation efforts should continue for a mininum of one

hour. Full recovery of cyclic antidepressant induced cardiac
arrest after five hours is docunented.
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12. Contraindicated - (cyclic antidepressants cause conduction
del ays whi ch these drugs nmay worsen).

a. Quinidine
b. Procainani de
c. Disopyram de
d. Flecanide
e. Encainide
f. Propafenone

13. Correction of seizures - may be intractable especially with
anoxapi ne.

a. Valiumor |orazepam drug of choice. Flumazeni

contraindi cated (associated with increased incidence of

sei zures).

b. Can al so use phenobarb, paral dehyde.

c. Use of nal oxone, thiamne, dextrose in patients with coma
or altered nmental status in ED is considered standard of
practice prior to antiepileptic treatnent.

14. Schene for nonitoring.

a. Asynptomatic patient who has had stomach enptied and
charcoal - nonitor 24 hrs in ICU

b. Non-cardiac S/ Sx.s - monitor till Sx. free

c. EKG changes - nonitor for at |east 24-48 hrs after normal
EKG.

196



HYDROCARBON | NGESTI ONS

I nt roduction

A. Petroleumdistillates are conprised of aliphatic and aromatic
hydrocar bons. Contam nation with heavy netals or toxic chenmicals is
common. Most hydrocarbons are petroleumdistillates, however, some such

as turpentine are derived frompine oil. The |large nunmber of
hydr ocar bon contai ni ng products, bright |abels and ‘fruity’ fragrances
all increase children's exposure to these products.

Pat hogenesi s:

A. Incidence of pulnonary conplications differs dependi ng on
hydrocar bon derivative. Hgh volatility, (volatility means the tendency
of aliquid to forma gas) decreased viscosity and | ow surface tension
distillates are nore likely to be aspirated |leading to respiratory
injury (see chart at end of chapter). Lower viscosity enhances distal

ai rway penetration. Lower surface tension facilitates spread.

B. Pulrmonary injury usually occurs either fromaspiration or direct
installation into the lung not from G absorption. (Sone G absorption
occurs but is usually mninmal.)

C. Small ingestions may result in aspirations with significant
pat hol ogy.

D. The intentional abuse by inhalation of gasoline or paint thinners is
usual ly not associated with significant pulnmonary toxicity.

Pat hol ogy

A. Pulmonary injury is of principle inmportance.

B. Lungs show interstitial inflammtion, atelectasis, hyperem a,
vascul ar thronmbosis, bronchial and bronchiolar necrosis, intra-alveol ar

henorr hage, edenmm, bronchospasm and enphysena.

C. Hydrocarbons directly injure pulmnary tissue and capillaries and
i nhibit surfactant activity.

D. Lipoid pneunonias which are usually nore |localized, may occur with
hi gher viscosity agents.

E. Bacterial pneunpnias nay supervene but are |less frequent than once
t hought. (probably result from aspiration of oral mnicroorganisms).

F. Local nouth or pharynx irritation, nausea and emesi s occur nost
frequently with fuel or furniture polish ingestions.

G Intravascul ar henol ysis and henogl obi nuri a have been reported with
gasol i ne ingestions.
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V.

V.

Clinical Effects:

A

Respiratory signs/synptons predom nate.

1. Choking, coughing, henpptysis, SOB, dyspnea, cyanosis,
tachycardi a, tachypnea, nasal flaring, grunting, retractions,
rhonchi, wheezes, rales all may be present.

2. Cyanosis may occur rapidly as alveolar gas is displaced by
hydrocarbon vapors. Hypoxia, hypercarbia may occur

3. Prolonged, persistent cough is suggestive of aspiration and
requires eval uation.

CNS

1. Somnol ence is the chief neurologic manifestation. Cona and
convul si ons may occur.

2. Lethargy, dizziness, stupor, coma or seizures may indicate the
presence of toxic additives (insecticides or aromatic hydrocarbons),
a large ingestion or serious aspiration.

Gastroi ntestinal

1. Spontaneous vomiting is commn (up to 40% of cases) and is
associated with aspiration.

2. Local irritation to nouth etc. is conmon. Melena is rare.
3. Bloating, flatus, abdom nal pain, liquid feces, all may occur

4, Mniml, if any, absorption by the G tract occurs and the agent
is usually elimnated in the stools.

5. Oral antacids or H2 - receptor antagoni sts nay precipitate
vomiting and are usually not given in the unintubated patient.

Fever

1. Hgh fever is comon. It is usually due to chem cal pneunonitis,
but may be due to occur with secondary infection (pneunonia).

O her

1. Hepatosplenonegaly is rare. Etiology unclear. May be due to a
toxic additive effect.

2. Cardiac dysrhythm as are rare.

Eval uati on and Treat ment
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A. ABCs FIRST!! Performconplete history and physical exam next.

B. All patients who vonited spontaneously after the exposure or are in
respiratory distress or whose parents cannot observe the patient or who
you are not sure about should be admitted to the PICU. TOTALLY
asynptomatic children with a normal CXR after 6 hours may be followed as
an outpatient only if frequent tel ephone calls (every 2 hours x 6) are
possi bl e, the parents are reliable and will return inmrediately if
synptoms occur and if okayed by ED or pediatric staff. Twenty-four hour
observation in the PICU is preferred in the vast najority of cases.

C. Patients with respiratory distress should receive oxygen and an ABG.
Serial CXR's (every 6 hours), |1V access and continuous cardi orespiratory
moni toring should all be obtained. An arterial line should be placed

if frequent ABG s are needed

D. Labs: CBCwith differential, liver function tests and el ectrolyte
panel s should be drawn. |If the ingestion was deliberate consider tox
screens. |f the patient is intubated, serial tracheal aspirates for

gram stain and culture should be considered if a bacterial pneumpbnia is
suspect ed.

E. CXR Positive findings in > 65%in the first 6 hours after

i ngestion. Abnornmalities may occur as early as 30 minutes after
exposure or as late as 12 hours. Resolution of radiographic findings
usual ly |l ags behind inproving clinical status.

1. Most common findings: bilateral basilar infiltrates (65%, right
basilar infiltrates (30%, fine, punctuate perihilar densities (5%.

2. Patchy densities that nay coal esce to form | arger areas of
consolidation, atelectasis, enphysemn, pleural effusions,
pneumat ocel es, pneunot horaces, pneunonedi asti num and sub Q enphysema
are all reported.

3. CXR may be markedly abnormal even in the presence of a nornal
exam

F. Intubation: Consider if:
1. Moderate to severe respiratory distress.
2. ABG abnormalities; paO2 <60 on 6 liters O, or paCO2 >50mrHg.
3. Deteriorating nental status
4. Absent breath sounds
5. Cyanosis on 40% Fi Q2
6. Exhausted patient |eading to decreased respiratory effort.

G Most authorities usually recomend AGAI NST gastrointestina
decont ami nation in hydrocarbon ingestions to reduce the chances of
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| avage i nduced enesis and subsequent aspiration. Activated charcoa
does not bind nost petroleumdistillate products or other hydrocarbons
sois of little benefit.

1. Ipecac induction of enmesis is |ikewise usually not indicated to
avoi d aspiration. HONEVER

2. Products contam nated with pesticides, heavy netals or toxins
such as anilene or nitrobenzene should be evacuated. 1In the alert
child who can guard his airway (see Poisoning - General Mnagenent
Chapter for dose) sone people use syrup of |pecac, but an elective

i ntubation and | avage may be safer. |In the unconscious or stuporous
patient protect the airway first with a cuffed endotracheal tube then
perform gastric | avage.

H. Bronchodi | at ors as needed.

I. Steroids have repeatedly been shown to be ineffective in preventing
the devel opment of pneunonitis or in its’ treatnent.

J. Prophylactic antibiotics are not routinely prescribed.
1. Antibiotics may be necessary later in the course in the face of
persistent fever (> 36 hours), |eukocytosis (> 36 hours), clinica
deterioration or a positive tracheal gramstain or culture.
2. Antibiotics should cover for nouth and G flora: H. influenza,
St aph aureus, Strep pneunoniae etc. Usual choices are Cefuroxine,
Ceftriaxone, Clindamycin or Penicillin G
3. HFOV or ECMO have both been used successfully in severe cases.
The | ongest ECMO air transport in history was perforned by WHMC for a
hydr ocar bon i ngestion/aspiration.

VI. Prognosis
A. Mjority recover fully.

B. My predispose to increased risk of future respiratory infections.

C. 75% may have PFT abnormaliti es.



| RON PO SONI NG

Pat hophysi ol ogy

A. Local effects:

1. Direct corrosive nucosal |esions of stonmach and proxi mal snall

bowel (early events)

2. Mucosal irritation, ulceration, bleeding, ischema, infarction and

3.

perforation may occur. Perforations are usually |late events.

Produces profound fluid | osses and hypotension

B. Systemc effects:

1

Venodi | ati on

a. Results fromelevated serumand tissue iron |levels
b. Causes secondary hypotension with | ow CVP

I ncreased capillary menbrane perneability | eads to edenn
I nhi bition of serum proteases

a. lron directly inhibits thronbin thereby prolonging PT
unrelated to |iver dysfunction

b. The coagulopathy in later stages is secondary to hepatic
dysfunction

Met abol i ¢ aci dosi s
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a. Results from poor perfusion with increased anaerobic
met abol i sm secondary to hypotension, anenmia fromd bl eeds,

and hypovol em a

b. Liberation of H+ fromconversion of iron fromferrous to
ferric state

c. Poisoning disrupts oxidative phosphorylation with resulting
anaerobi c glycolysis and lactic acidosis

5. Cellul ar damage
a. Liver - greatest risk for injury because of first pass effect
b. Renal failure

c. Coma / seizures

Li ver effects:

1. Cdoudy swelling, portal damage, fatty degeneration
Kupf f er/ parenchynmal deposition of iron

2. Once iron accunul ates in the hepatic mtochondria it cannot be
renmoved nor can the pathol ogy be reversed

O her (much less frequent) effects:
1. Pancreatic injury
2. Bleeding in lungs/kidney

3. Fatty degeneration of heart and renal tubules

Il. dinical Presentation

A

Three stages of acute phase (in severe ingestions)

1. Early (< 6 hrs)
a. Abdom nal cranps, voniting, diarrhea, and A henorrhage
b. Hypotension, pallor, |ethargy
c. Leukocytosis, netabolic acidosis, hyperglycem a

2. Internediate (6 to 48 hrs)

a. Transition between resolution of G synptons and overt
systemic toxicity
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b. May continue to recover or progress to stage three
3. Late (2 to 3 days) - multiple organ failure
a. Cerebral dysfunction and coma
b. Myocardial dysfunction with vascular collapse or shock

c. Massive hepatic failure with jaundice, increased
transam nases, coagul opathy, and hypogl ycem a

d. Renal failure

e. |Ischemic bowe

f. Pul nmonary edema
4. Sequel ae

a. Intestinal scarring, gastric outlet and small bowe
obstruction

b. Hepatic cirrhosis, rare in children
I11. Managenent
A. Assess severity of ingestion

1. Assess ampunt of elenental iron

a. Ferrous fumarate = 33%
b. Ferrous sulfate = 20% hydrated, desiccated or dried = 30%
c. Ferrous gluconate = 11.6%
d. Ferrous chloride = 28%
2. Average lethal dose = 180 ng el emental Fe/kg
a. Mnimum|lethal dose as little as 600 ny

b. Total doses of 200-400 ng have caused severe synptons in
young children

c. Toxic dose generally > 20 ng/kg

3. Plasma | evel peaks at 2-6 hrs post-ingestion (nmean = 4 hrs).
After 6 hours the iron has been rapidly cleared fromthe serum
primarily by the liver.

- later with enteric coated preparations



4. Iron levels - if readily available. Vomting, diarrhea,

hypergl ycemi a (> 150 ng/dl), and | eukocytosis (> 15,000) that devel op
in the 6 hours after ingestion and an abdoni nal radi ograph that
denonstrates the presence of radi opaque material are highly
predictive of and specific for a serumiron |level > 300 ncg/dl.
Vomiting is considered to have the highest sensitivity and predictive
value, so it is unlikely that after an asynptomatic period of nore
than 6 hours after the ingestion that serious toxicity will occur.

a. < 300 ncg/dl --> no specific treatnent
b. 300-500 ntg/dl --> chel ation therapy
c. 500-1000 nctg/dl --> chelation therapy and aggressive support

d. > 1000 nctg/dl --> vigorous support and prol onged chel ation
t herapy, significant increase in nortality

5. Deferoxam ne Chall enge
a. Chelates with Fe to form sol ubl e/ excretabl e conpl ex

b. In the past this challenge was performed to deternine the
need for chelation therapy. After the deferoxanine injection
one woul d observe the urine for a “vin rose wi ne” color as
an indication for continuation of therapy. This is NOT now
recommended as sone patients will have a toxic ingestion
wi t hout production of the urine color changes.

Speci fic Therapy

1. Oobservation alone with ingestions < 20 ng/ kg and a negative KUB
Not all preps radi opaque, however.

2. |If asynptomatic for 6 hours followi ng the ingestion they do not
requi re adm ssion.

3. Ipecac - is not contraindicated in the awake, alert child but may
mask the voniting produced by the iron ingestion resulting in an
underestinmation of the toxicity

4. Gastric |avage

a. Abd x-ray will help determine if |avage successful (again,
not all preps radi opaque)

b. Use large bore OG 1/2NS (not Fleet's) for |avage

c. Sodium bicarb. or deferoxam ne are NO LONGER reconmended as
part of the |avage.

d. Exam ne for Fe tablets



5. Activated charcoal is not indicated as it does not prevent iron
absorption and is not used UNLESS a coi ngestion exists.

6. Chelation therapy (Deferoxam ne)

a. I ndi cati ons

(1). Al synptomatic patients exhibiting nore than
transi ent mnor synptons

(2). Patients with [ethargy, coma, seizures, significant
abdom nal pain, hypovolenia, or acidosis

(3). Patients with a positive radi ograph showing multiple
radi opacities (retained pill fragments will lead to
further absorption and toxicity)

(4). Patients with serumiron levels > 300 ncg/d

b. Rout e

(1). Gven |V, IMor SQ |V preferable, and is nost
appropriate route.

(2). IMcontraindicated if patient is hypotensive, as won't
be absorbed well. IMroute is painful, especially as
repeated injections required. It has erratic
absorption, obtains higher peak deferoxam ne |evels
and shows a higher incidence of side effects.

C. Dose

(1). 15 ng/kg/ hour 1V, no maxi mum dose al t hough package
i nsert states 6 grans/day

d. Side Effects (rare if given at above rate)
(1). Hypotension / shock seen at rates > 45 ng/kg/ hr.

(2). NOT to be given with conpazine as cona can result!

e. Cautions

(1). The iron-deferoxamni ne conplex is excreted in the urine

so the patient must be meking adequate urine for this to
wor k

(2). If oliguric/anuric then use chelation and dial ysis,
(henodi al ysi s, continuous arteriovenous henofiltration, or
peritoneal dialysis)



f. Mst patients require no nore than 24 hours of therapy

g. Treatnent is continued until all the following criteria are
satisfied:

(1). Patient is free of s/s of iron toxicity
(2). Serumiron level is normal or low (< 100 ntg/dl)
(3). KUB shows no radiopacities

(4). |If patient devel oped “vin rose” colored urine, the
urine col or has normalized

7. Supportive therapy
(). I1CU CVP, A-line, etc. as indicated

(2). Adequate fluid resuscitation can not be over
enphasi zed

8. O her considerations

a. Severe coagul opathies - draw baseline PT, PTT, fibrinogen
| evels, for |lab evaluation see bel ow

b. Hepatic failure
c. Intestinal infarction
- Due to retained pill fragment or hypotensive episode
9. Oher therapies: whole bowel irrigation, gastrotony, especially
if iron containing aggregates occur in the stomach or intestines on
X-ray.
Lab Eval uation

1. Serial serumFe's and TIBC s

a. Run Fe levels STAT with first |level drawn 2-4 hrs after
ingestion if possible

b. Followuntil within safe range

c. Sone |labs are unable to neasure serum Fe accurately in the
presence of deferoxam ne

2. Electrolytes, BUN, creat, glucose. Follow serum gl ucoses
carefully as sudden hypogl ycem a may devel op after a period of
hyper gl ycem a.

3. CBCwith diff (leukocytosis, anenia)



ABG t 0 assess respiratory status and metabolic acidosis
Type and Cross

Clotting Studies, (PT, PTT, fibrinogen)

LFT's,- baseline and serially

Assess urine output

Guai ac stools and enesi s
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LEAD PO SONI NG

I ntroducti on
A. Lead is absorbed through the G tract (ingestion) and the lungs
(inhal ation).Increased intake results in deposition in the soft tissues,
especially kidney, liver and brain.

B. Poisoning is usually from prol onged, excessive exposure; 1/2 life is
approxi mately 20 years.

C. Sources
1. Lead pignmented paints (greatest hazard)

2. Contanination of food and beverages by | ead gl azed ceranic
pitchers and | ead sol dered cans

3. Ingestion and retention in the stomach of fishing weights, shot,
jewelry painted with | ead paint, pencil coatings

4. sSniffing funmes of | eaded gasoline containers
5. Mexican and oriental folk nedicine (azarcon, greta, payl ooah)
Hi story of High Ri sk Children
A.  High risk environnent
1. Dilapidated housing
2. Exposures as above
B. Pica
C. Sibs with | ead intoxication
Lab / X-ray
A.  Venous lead level - fingerstick levels are inaccurate
B. CBC with peripheral snear (microcytic anenia, basophilic stippling)

C. UA (glycosuria, proteinuria), BUN, creat to evaluate for rena
damage

D. KUB (flecks of lead in G tract)

E. X-rays of long bones (lead lines in children age 2-5 yrs) - lines of
i ncreased density in netaphyseal plates represent growth arrest

F. FEP, (free erythrocyte protoporphyrin) - until recently was used to
screen children for |ead poisoning; it has a poor sensitivity for Pb



level s < 25 micrograms/dl and is not specific as it is increased in iron
deficiency anem a, levels > 190 al nost exclusively |ead poisoning

Clinical Picture and Managenent

A

B.

Acut e Lead Encephal opat hy
1. Onset may be sudden
2. Comm, seizures, bizarre behavior, ataxia

3. Any of these sx. with an elevated blood |lead | evel constitutes a
medi cal energency

4. Al npst always assoc. with levels > 100 although reported at | ower
| evel s

5. Diagnosis can usually be made wi thout LP which is dangerous
because of inc ICP, which my be present in the absence of any of the
usual sx. If LP necessary for differential, consider pre LP CT scan
6. Treatment
a. Supportive
- NPO until significant inmprovenent
- Fluid restrict to maintenance plus | osses
b. Chelation (see bel ow)

c. Seizures

- Treat initially with lorazepam 0.1 ng/kg IV g 2 mn. to
total initial dose of 1 ng/Kkg.

- If resistant use phenobarbital 15 - 20 ng/kg IV.

- Further therapy with either valium 0.1ng/kg IV, or
phenytoin 10 ng/ kg slow I V.

7. Cerebral Edema: Mannitol 0.25 - 0.5 grans/kg slow IVP. Steroids
may be hel pful dexamethasone 0.1 - 0.2 ng/kg q 4 hours 1V

8. Renal and hepatic function, Iytes, blood | ead nonitored daily
Synptomati ¢ wi t hout encephal opat hy
1. Lethargy, anorexia, vonmiting, abdom nal pain, constipation

2. Usually assoc. with |lead levels > 70 (if |evel < 50, consider



V.

VI .

ot her cause)
3. Al synmptomatic children potentially have | ead encephal opat hy,
therefore treat i mediately.

a. Supportive as above

b. Chelation (see bel ow)

C. Asynptomatic with increased | ead | eve

1. Although asynptomatic, have netabolic effects and subclinica
neur obehavi oral effects

2. Essential to have diagnosis based on | ead |eve

3. |If blood | ead | evel 25-44 nicrogramnms/dl, performthe CaNa2- EDTA
provocation test; this is expensive and usually done only at centers
where | arge nunbers of |ead poisoned children are treated. To
perform

a. Obtain a baseline |lead | eve

b. Patient enpties bl adder

c. CaNaz2- EDTA 500 ng/N@ IV in 250 cc/ MM D5Wover one hour (see
DKA chapter or Acute Tunor Lysis chapters for nonpogram and
cal cul ati on of body surface area)

d. Collect all urine over 8 hrs in |lead free equi pnent
e. Results: urine |ead excreted (ncg/cc) X total volunme (cc)

CaNa2- EDTA gi ven (ng)
Test is positive if > 0.6

Preventi on

A. Do not return children to | ead environnment (consult social services
for assistance in obtaining safe housing)

B. Screen all famly nmenbers

C. Report all cases to public health for investigation and abatenent of
| ead hazards

D. Extended follow up to at | east age 6 yrs
Chel ati on Therapy for Lead Poi soning

A.  Synptomatic
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1. Acute Encephal opathy, (usually for Pb > 100 mi crograns/dl)

a. BAL (dinercaprol) 450 ny/ M2/ day and CaNa2- EDTA 1500
g/ M2/ day

1. Start with BAL 75 nmg/ M IMq 4 hrs

2. After 4 hrs, start continuous infusion of EDTA 1500
ng/ l\/?/day

3. Continue BAL and EDTA for 5 days
4. Interrupt therapy for 2 days

5. Treat for 5 additional days with EDTA and BAL, if Pb
| evel remains high (> 70 micrograns/dl)

6. Measure rebound venous Pb level 7 - 10 days after
t her apy.

a. Oher cycles will be needed if Pb rebounds > 50
m crograns/dl .

2. |If synptomatic at any |l evel without acute encephal opathy OR Pb
I evel > 70 m crograns/dl

a. BAL 300 ng/ M/ day and CaNa2- EDTA 1000 nygy/ M2/ day
1. Start with BAL 50 ng/ M2/ day IMQ 4 hrs

2. After 4 hrs, start continuous infusion of EDTA 1000 ny/ M2/ day
3. Continue EDTA for 5 days

4. BAL nay be DC d after 3 days if Pb level < 50 nmicrograns/dl

5. Interrupt therapy for 2 days

6. Treat for 5 additional days with EDTA and BAL if Pb | evel
remains high (> 70 mcrograns/dl)

7. Oher cycles my be needed depending on Pb rebound for |evels
> 50 m crograns/dl as above.

3. Asynptomatic - Before treatnment measure blood Pb | evel:

a. Level of 45 - 69 mcrograns/dl:
1. CaNa2- EDTA 1000 rrg/l\/? /day by continuous infusion for 5 days
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2. FDA recently approved (1991) DWMSA (succiner) for asynptomatic
children with Pb levels of 45 - 69 mcrograns/dl. Dose is

350 ng/N@ (or 10 ng/kg) g 8 hours X 5 days PO then 350

ng/N? (or 10 ng/kg) g 12 hours X 14 days PO Its’ use has
been limted.

b. Level of 25 - 44 mcrograns/dl: CaNa2-EDTA provocation test as
above then:

1. If ratio > 0.6 : CaNa2- EDTA 1000 ng/N?/day IV for 5
days
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RAPI D CARDI O- PULMONARY ASSESSMENT

l. | nt roducti on:

A: Selected Conditions Requiring a Rapid Cardi opul nronary Assessnent
(partially from PALS, Chapter 1.)

1. The purpose of this assessnent is to determne in < 30 seconds
whi ch patient has cardiac or pulmonary failure that may |l ead to an
arrest. Any of the follow ng selected conditions require a rapid
cardi o- pul ronary assessnent:

Respiratory rate > 60
Heart rate > 180 or < 80 (under 5 years)
> 160 or < 60 (over 5 years)
Respiratory Distress - increased work of breathing (retractions,
nasal flaring, grunting)
Trauma
Burns totaling > 10 % of surface area
Cyanosi s
Failure to recogni ze parents
Di m ni shed | evel of consciousness - unusual irritability, or

| et har gy
Sei zur es
Fever with petechiae
Admi ssion to an | CU
1. Airway Patency - is the airway patent, nmaintainable or non-nmintainabl e?

I1l. Breathing

A. Respiratory Rate (al so see Status Asthmati cus chapter)

Nor mal Nor mal Nor mal
Newbor n 1 year 18 years
< 40 - 60 24 18 > 60 al ways abnor nmal
- aslowor irregular RRin an acutely ill child or infant is

OMNOUS ! This may indicate the patient is deteriorating rather than
i mprovi ng secondary to hypotherm a, fatigue or CNS depression

B. Ar Entry
1. Chest rise?
2. Breath sounds bilaterally?

3. Stridor? - indicates upper (extrathoracic) airway obstruction
such as the tongue, |aryngomal acia, vocal cord
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par al ysi s, hemangi oma, tunor, cysts, infection
edemn, or aspiration of a foreign body
i ndi cates intrathoracic obstruction such as
bronchiolitis, asthma, pul monary edema, or an
i ntrathoracic foreign body

4. \Weezing? -

C. Mechani cs

1. Retractions - intercostal, subcostal, suprasterna
2. Grunting - to preserve functional residual capacity (FRC)
3. Flaring
4. Gasping - often a sign that bag-valve mask is needed esp. in
neonat es.
5. Head bobbing - indicates increased respiratory effort
D. Baseline Color - if patient is cyanotic does color inprove with O

baggi ng, intubation? Anem c patients may not exhibit cyanosis even
t hough they are hypoxenic.

Circul ation

A. Heart Rate (also see Cardi ac Dysrhythnia chapter)

nos. - 2 yr. 2 - 10 yr. > 10 yr.

Newborn - 3 nps. 3
130 80 75

Nor mal : 140

Abnormal : < 5 yr.: > 180 or < 80, > 220 consider SVT
>5 yr.: > 160

hypotension is a LATE and often sudden

B. Blood Pressure (BP)- renenber
(al so see tables in Hypertension

sign of cardi ovascul ar deconpensati on

chapter)

Nor el Newbor n 1 yr. > 1 yr.

Systolic > 60 >70 > 70 + (2 xyr.) - lower limt (5th
percentile)of nornal

90 + (2 x yr.) - 50th percentile

Bl ood vol une: Neonate 85 cc/kg, infants 80 cc/ kg, children 75 cc/ kg

C. Peripheral/Central Pulses

1. Present/absent

2. Volune/ strength
3. Pulse pressure (systolic - diastolic BP), as Cardiac Qut put

decreases the PP narrows and the pul se becones thready, as Cardiac
Qut put increases such as in septic or anaphylactic shock the PP
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wi dens and pul ses are bounding. A wi de PP does not nean that
perfusion is adequate

D. Skin Perfusion
Capillary refill time: Normal is < 2 sec.
Tenper at ure

1
2
3. Color - cyanosis, pallor?
4 Mottling

E. CNS Perfusion

=

Recogni ti on of parents
Qui ck assessnment of responsiveness
Awake
Responds to voice
Responds to pain
Unr esponsi ve
3. Muscle tone
Pupi | size
5. Posturing

N

&

F. Shock - definition: The failure of the cardi ovascular systemto
adequately perfuse vital organs. Shock is a clinical state
characteri zed by i nadequate delivery of oxygen and netabolic substrates
to nmeet the netabolic demands of tissues. It produces signs of

i nadequate organ and tissue perfusion and function such as oliguria and
| actic acidosis. Shock may occur with a normal, increased, or decreased
Cardi ac Qutput and a nornal, increased, or decreased BP. In conpensated
shock the BP is normal. In unconpensated shock we see hypotensi on and
often a |ow Cardiac Qutput. Note: This definition fails to stress blood
pressure!

1. Five basic types:
1. Hypovolemic - usually low Cardiac Qutput (C O)
2. Cardiogenic - usually low C O
3. Septic - usually high C.O secondary to |ow systemc
vascul ar resistance, although tissue perfusion
is still inadequate
Neurogenic - usually low C O
Anaphyl actic - usually high C.O secondary to |ow
system ¢ vascul ar resi stance, although tissue
perfusion is still inadequate

S

2. Patients nmust be reevaluated after every intervention !!

For exanple; if a fluid bolus has been given then assess the child
for any inprovenent as indicated by:

| mproved cap. refil

St onger pul ses

| mproved urine out put

Lower HR

| mproved nmental status

SHEE S
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When giving fluid beware of cardiac deconpensati on or signs of

cardi ogeni ¢ shock such as di stended neck veins, enlarged liver,

ral es, or cardionegaly on CXR. |If these signs are not evident then
consi der further fluid boluses as needed but reassess after each and
every intervention !!

G If the patient is intubated and experiences problens the
endotracheal tube may be the reason! Check

1. Is the ETT in the airway? Listen for breath sounds bilaterally,
and over the stomach. |s the chest rising? |Is the color inproving?
Is the HR improving? |If in doubt | ook!

2. |Is the ETT plugged? Suction the tube. Renenber, however, that a
ETT plugged with sticky rmucous may not clear with suctioning.

3. Is the ETT in the right nain stem bronchus? Listen for breath
sounds bilaterally! |If no breath sounds on the |left consider right
mai n stemintubation. Although rare, left main stemintubations
occur as well.

4. Does the patient have a pneunothorax? - |f unstable needle the
chest. |If stable get a CXR, prepare for a chest tube.

5. Does the patient need nore pressure or volune? eg. decreased
conpliance with drowning victins, RDS etc. or too small a ETT.

6. |Is the equipnment mal functioning? Check the BVYM ventilator, gas
source, ETT - is it kinked?
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RAPI D SEQUENCE | NDUCTI ON

I. Rapid sequence induction (RSI) for intubation inplies the use of sedation
and nueronuscul ar bl okade, avoi dance of positive pressure BVM ventilation
prior to intubation, and use of cricoid pressure. These neasures are an
attenpt to decrease the cardovascul ar and CNS responses to intubation and
decrease the risk of aspiration

Il. Use of paralysis should nay be contraindicated if intubation is
anticipated to be difficult due to anatom c abnormality or pathology. |If
ai rway problens anticipated, Anesthesia should be consulted.

I1l. RSI is perforned in any patient with a full stomach or possible
i ncreased intracranial pressure.

V. Rapid sequece induction:

A. Preparation, preoxygenation, prenedication, sedation, cricoid
pressure, paralysis, intubation, verify.

B. Preoxygenation involves 2-5 mnutes of 100% O2 via nonrebreather in
spont aneously breathing patients or 1-2 minutes in apneic patients via
BVM

C. Standard Medicati on Regi nen

1. Atropine 0.02 ng/kg with a minimumof 0.1 ng IV,if less than 2
years of age

2. Fentanyl 1-2 nctg/kg and Versed (m dazolam 0.1- 0.2 ng/kg |V

3. Paralysis if Able to Bag Mask Ventilate and No Anatom c
Abnornalities or other contraindictions to Paralysis:

a. Vecuronium 0.2-0.3 ng/kg |V or Rocuronium 1 ng/kg:

b. Succinylcholine 1 - 2 ng/kg IV. Succ. has nmany side effects
(see below) and probably is not as safe in inexperienced hands as
vecuronium Infants tend to need a | arger dose of succinylcholine

(2-3 nog/kg).
c. Preoxygenation is continued until the pt. is fully rel axed.

d. In children older than 4 years of age, if succinylcholine
is used, a defascicul ating dose of a nondepol ari zi ng nuscl e
rel axant (vecuronium 0.01 ng/kg) may precede the depol arizi ng
agent to prevent nuscle fascicul ations and el evati on of
intragastric pressure, which may be associated with
regurgitation.

e. |If continued paralysis is required after patient is
i ntubated, a non-depol ari zing NVMB (vecuroni um is used.
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VI. There are patients in which sedation and paralysis is contraindicated
(unstable airway - epiglottitis, mediastinal mass, anatom c abnormalities
making it difficult or inpossible to use the usual methods of intubation).

VII. Each patient should be evaluated on a case by case basis, especially
since there may be contraindications to using certain nedications for
i ntubation. | N GENERAL

A. For sepsis/ shock/ asthma:

1. Consider using ketanine for sedation rather than versed
(mai ntains BP, bronchodilator). Dose is 2.0 ng/kg |V. Ketam ne
i ncreases secretions so atropine 0.02 ng/kg (mn 0.1 ng) IV or
Robi nul 5 ncg/ kg is given as well. Ketanm ne can al so cause

ni ght mar es/ ener gence reactions. Versed 0.1 ng/ kg given with Ketam ne

shoul d prevent this.

2. May consider Fentanyl 1-2 ntg/kg for sedation rather than
Ketam ne if shock is severe

3. Paralyze fast with Vecuronium0.3 ng/kg IV, or Rocuronium 1 ng/kg.

B. For head trauma or other diseases with increased |ICP:

1. Use lidocaine (1.0 ng/kg IV) 1 minute prior to intubation to
buffer the ICP spike in response to |aryngeal stinmulation

2. FEtomidate 0.3 ng/kg is the drug of choice as it is cerebra
protective and has ninimal henodynamic effects. Thiopental (2-4
ng/ kg 1V) is an alternative, but may result in hypotension.

3. Use atropine for children younger than 2 years of age 0.02 ng/kg.
4. Use vecuronium (0.3 nmg/ kg IV) or Rocuronium 1 ng/kg

5. Ketanine causes a rise in ICP - should not be use for sedation
in this situation.

VII1. Unwanted Effects of Succinylcholine

A. Cardiovascul ar - bradycardi a, hypertension or hypotension.
Atropine prior to admi nistration may prevent bradycardi a.

B. Hyperkalemia — life threatening hyperkalema is nost likely to occur

foll owi ng: burns (24-48 hours post burn), spinal cord injury, tetanus,
severe intraabdom nal infections, encephal opathy, polyneuropathy

i ncluding Guillain- Barre syndrone, and chronically ill children

C. Increased intraocular pressure- avoid in globe injury.

D. Hypersensitivity reactions - anaphylactic reactions

E. Miscle pains - anmeliorated with pancuroni um
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F. Rhabdonyol ysi s and nyogl obi nuri a

G Malignant hypertherm a

H.  Pul monary edema and pul nonary henorrhage; several infants in whom
pul monary edena (increased SVR, decreased PVR, |eaky capillaries) fornmed
only mnutes after 4 ng/ kg of |IM succinylcholine were given are
reported.

I. Increased ICP - can be attenuated with prior admnistration of
nondepol ari zi ng agent and thiopental or |idocaine. Increased cerebral

bl ood fl ow.

J. Increased gastric pressure and increased risk of regurgitation.

K. Not effective in patients with Myasthenia G avis.

I X.  Why use drugs.
A. AVO D STRUGGLI NG & TRAUMVA
B. AVA D HYPOXEM A
C. AVA D UNDESI RABLE PHYSI OLOG CAL RESPONSES - Hypert ensi on,
tachycardia, increased |ICP, etc
D. PAIN CONTROL & AMNESI A
E. TO FACI LI TATE | NTUBATI ON
| PREPARATION |
| PREOXYGlENATION |
| ATRC!PINE |
| SEDATIOI\! OPTIONS |
NORMOTENSIVE SHOCK CRICOD PRESSURE HEAD INJURY Status Asthmatcus
Fentanyland Versed | |Ketamine and/or Fentanyl Lidocaine Ketamine
Thiopental or Etomidate

|PARALYSIS OPTIONS|

Vecuronium or | | Succinylcholine
Rocuronium
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SI CKLE CELL ANEM A

I . DEFI NI TI ON AND PATHOPHYSI OLOGY - sickle cell anem a conprises
several distinct disorders caused by abnormal henogl obin (Hgb) which
results in polynerization and formation of |ong henogl obin chains.
These chains distort the shape of red cells causing changes in bl ood
viscosity and in the red cell nenbrane.

A. The nmutation in sickle cell disease occurs when the sixth am no acid
in the beta chain (usually glutamc acid) is replaced by valine. This

causes the henoglobin to form pol yners when deoxygenat ed.

B. Pat hophysi ol ogi ¢ nmechani sns:

1. Oxygen saturation: deoxygenated henogl obin S polynerizes to formlong

rods (tactoids) that distort the shape of the red cell. Sickling is
reversed by oxygenation but repeated sickling and unsickling danmages
the cell nenbrane.

2. Henogl obin concentration: the polynerization rate changes in
proportion to the thirtieth power of the henogl obin concentration

3. Tenperature: polynerization of sickle henoglobin is potentiated by

fever or hypotherm a.

4. Blood pH: acidosis increases polynerization. Reperfusion of the
tissue results in lactic acidosis. Renal tubular defects seen in

patients with sickle cell disease reduce the capacity of the kidneys to

excrete acid. Oversedation may result in respiratory acidosis.
. GENERAL MANAGEMENT
A. | DENTI FI CATI ON
1. Henogl obi nopat hy screeni ng of newborn infants.

a. Nearly 100% Hgb S, sone Hgb F, no Hgb A:
i Sickle cell anem a —hompzygous (Hgb SS)

ii. Si ckl e bO-thal assem a

b. Hgb A, Hgb S, £+ Hgb F:
i Sickle trait - heterozygous
ii. Si ckl e b*-thal asseni a

c. Hgb S, Hgb C. Sickle henpgl obin C disease

2. Consultation with a pediatric hematol ogi st is advised.



B. ROUTI NE AND PREVENTI VE HEALTH CARE MEASURES

1. Treat as nornmal children. Provide all routine inmunizations, good
nutrition, and other preventive health care neasures.

2. Must have a primary health care provider with whomthere is a
mechani sm for pronpt enmergency care when the need ari ses.

3. Infection prevention:

a. By 3 to 4 nonths of age (when the fetal henpgl obin declines to
bel ow 50% of the total), clinically significant henolytic anem a and
i mpai rment of splenic function devel ops.

b. Therefore, children with sickle cell anenia are at risk of
overwhel mi ng septicem a, often without a primary focus, due to the
encapsul at ed organi sns Streptococcus pneunoni ae and H. influenzae
type b. Wthout preventive neasures, 15-20% of infants and young
children with sickle cell anem a die before 5 years of age.

c. Penicillin. Either tablets or suspension can be utilized. Since
the suspensi on necessitates a prescription refill every 2 weeks,
tabl ets, which can be crushed and given in a spoonful of fornula or
food, are preferred.

i Prior to 2 years of age: Pen-VK 125 ng BID po.

i After age 2: Pen-VK 250 ng BID

iii. Continue until 5 years of age.

d. Vaccinations.
i Conjugated H. influenzae type b vaccine early in infancy.
ii. The 23-val ent pneunobcoccal vaccine at 24 nonths of age.
Earlier imunization is ineffective. A "booster" dose of
pneunococcal vaccine should be given 3 years after the first
dose.

FEVER
ETI OLOGY

1. Fever is usually the initial manifestation of sepsis. Pronpt
antibiotic therapy can be |ife-saving.

2. Septicem a due to Streptococcus pneunoni ae or Henophilus influenzae
type b is the nost comon cause of death in young children with sickle
cell anem a

EVALUATI ON

1. Whenever a child with sickle cell anem a or sickle bO-thal assenia has
a tenperature > 101.5 °F, he or she should be eval uated at once.

2. Rapid but conplete history and physi cal exani nation
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3. Immediately place an intravenous catheter or needle. Obtain a CBC
(including differential, WBC count and reticul ocyte count) and bl ood
cul ture.

4. I mredi ately adm nister intravenous (or intranuscular if the

i ntravenous route is inpractical) ceftriaxone (Rocephin) 50-75 ng/ kg,
maxi mum 2 grans. |f ceftriaxone is unavail able, give cefuroxine

(Zi nacef, Kefurox) 50 ng/kg. Anmpicillin 75 nmg/kg or another antibiotic
ef fective against S. pneunonias and H. influenzae type b may al so be

gi ven.

5. Parenteral antibiotics should be given even if there is an obvi ous
focus of infection (otitis, URI, etc.).

6. A chest X-ray should be considered when the child has a fever, cough,
tachypnea, chest pain or other physical findings suggesting a pneunonia
or other pul nonary process.

7. O her l|aboratory tests nmay be indicated (e.g., type and cross match
for possible red blood cell transfusion, CSF analysis and culture, urine
culture, etc.) depending upon the clinical findings.

8. Pronmpt and careful physical assessnent and adm nistration of IV
anti biotics should have high priority. Do not wait until after the chest
X-ray or blood count results return.

CRI TERI A FOR HOSPI TALI ZATI ON

1. IF THE CHILD IS "TOXIC' OR | F THEY HAVE AN ALTERED MENTAL STATE, HE
OR SHE SHOULD BE PROMPTLY ADM TTED FOR OBSERVATI ON AND ADDI TI ONAL
PARENTERAL ANTI Bl OTl1 C THERAPY. | F I N DOUBT, ADM T THE PATI ENT TO THE
HOSPI TAL.

2. ALL PATI ENTS RECEI VI NG CEFUROXI ME OR AMPI Cl LLI N RATHER THAN

CEFTRI AXONE SHOULD BE ADM TTED I N VI EW OF THE SHORT PLASMA HALF- LI FE OF
THESE AGENTS.

3. Tenperature greater than or equal to 103°F.

4. Recent doses of prophylactic penicillin mssed.

5. Child under 12 nonths of age.

6. Lobar infiltrate on chest X-ray.

7. Respiratory distress.

8. WBC count > 30, 000 per nmm or shifted to the left and/or other
hemat ol ogi ¢ paraneters greatly altered from baseline values (e.qg.

henmogl obin < 6 gmdl, platelets < 150,000 per nns).



9. Adnit if followup (tel ephone contact, return visit, etc.) is
uncertain or unlikely because of distance, inconvenience, or poor
conpl i ance.
| NPATI ENT MANAGEMENT
1. Adm nister intravenous Cefuroxinme (preferably) or Ampicillin 150
ng/ kg/day in 3 or 4 divided doses x 48 hr until cultures are sterile
and clinical status inproves.

2. Observe closely for deterioration in clinical status that may
i ndi cate septicem a or devel opnent of acute chest syndrone.

3. Mycoplama coverage if pt. fails to inprove with initial antibiotics.

OUTPATI ENT MANAGEMENT

1. If the evaluation suggests that outpatient nanagenent is possible, a
short period of observation is advised, followed by reeval uation
prior to discharging the patient. Reevaluation should include
assessnment of vital signs, |level of consciousness, and ability to
take oral fluids and nedications.

2. Blood cx, CXR if indicated, Rocephin 50 ng/kg X1 dose.

3. Followup by tel ephone or a repeat outpatient visit within 24 hours
is necessary in all cases.

4. Blood culture results nmust be checked daily and patient recalled at
once if positive.

VASO OCCLUSI VE EPI SODE/ PAIN CRI SIS (see drug doses bel ow)

DEFI NI TI ON/ ETI OLOGY

1. Vaso-occlusive crisis is the nost comon conplication of sickle cel
di sease. It is characterized by episodic attacks of ischem c pain and

infarcts of various organs.

2. Precipitating factors include infection, fatigue, fever, dehydration
or exposure to cold.

M LD PAI'N

1. The Child with MLD pain my not appear to be unconfortabl e but
conpl ai ns of pain.

2. Treatment:

a. Acetam nophen or ibuprofen every 4 hours.

223



b. Hydration with maintenance fl uids.

c. Send home with prescription for at | east 20 doses of acetamn nophen
with codeine (1 ng/kg/codei ne/ dose) for nore severe pain. |buprofen
may be alternated with the acetam nophen or acetam nophen with

codei ne; so that some nedication is given every two hours.

C. MODERATE PAI N

1. The child with a MODERATE epi sode evi dences disconfort by facia
gri maci ng, unhappiness, irritability, a poor appetite, and has not
responded to hone treatnent.

2. If the child has not received codei ne, give an appropriate dose of
acet anmi nophen with codei ne (1 ng/kg/codei ne/ dose) .

3. If pain does not inprove, give IV fluids at nmintenance and a bol us
i njection of norphine (0.1 - 0.15 ng/kg to a maximum of 8 ng). Fluid
bol us as appropriate if evidence of dehydration

4. 1If the child has received codeine in an appropriate dose at hone,
treat as severe crisis (see bel ow).

D. SEVERE PAI N

1. The child with severe pain is extrenely unconfortable, may be
agitated, crying, screaning and cannot be consol ed.

2. If the patient has been taking codei ne at hone in appropriate doses
then i mredi ately start |V fluids at mai ntenance, give an |V bolus

i njection of norphine (0.1 - 0.15 ng/kg/dose to a mexi mum of 8 ng per
dose) and observe for pain relief.

3. If the patient is confortable for nore than two hours after an IV
nor phi ne bol us, then give a dose of oral medication such as
acet ami nophen wi th codei ne and observe the child for at |east one nore
hour. Send hone with a prescription for 20 doses of acetani nophen with
codei ne. Renind parent to call the hematol ogy/oncol ogy clinic the next
day. Reassure famly that pain is not dangerous and will resolve in a
few days.

4. If pain returns 1 or 2 hours after an |V norphine bolus, repeat the
dose (0.1 to 0.15 ng/kg/dose to a maxi mum of 8 ng per dose) and observe
for another hour. If a child receives 2 IV boluses with continued

di sconfort, then adnmit to hospital. Decrease IV fluids to nmaintenance
rate if admitted to hospital

5. In a child with poor venous access consider SQ or IMinjection of
pai n nedi cation.

E. | NPATI ENT MANAGEMENT OF ACUTE PAI N EPI SODE

1. Exclude a precipitating conplication or other cause of pain.
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2. Bed rest and oral or intravenous hydration.
3. Tailor the anal gesi c used, dosage, route and frequency of
admi nistration to the severity of pain and the patient's reported
response. Use of a pain scale may be beneficial.
3. Always provide the pain nedication on a fixed schedul e of
admi ni stration, NOT PRN, based on the duration of drug action.

Peri odi ¢ adj ustnents shoul d be based on pain control and | evel of
sedat i on.

4. Intermttent, intravenous administration is not recomended because
of high acute blood | evels, excessive euphoria, respiratory
depression, and short duration of action. As pain inproves, reduce
t he amount of nedication per dose, not the frequency of
adm nistration. A PCA punp shoul d be consi dered.

5. If treatnment is required for nore than 5 days, physical w thdrawal
may occur so the nedication should be tapered over several days.
F. DRUG DOCSES
1. Severe Pain:
a. Morphine: 0.1 to 0.15 ng/kg/dose; |V (preferred; repeat q 1-3
hours. Maxi mum 8 ng per dose. |If using PCA: basal rate of 0.03
ng/ kg/ hour with PCA doses of 0.015 ng/kg Q 10 min with 4 hour | ockout

0.3ng/ kg is a reasonable reginmen to start with.

b. Hydronmorphone (Dilaudid): 0.02 ng/kg/dose (IM 1V) q 3-4 hr. or
0. 04 ny/ kg/ dose po q 4 hr.

c. Oxycodone: 5-10 ng/dose po q 4 hr.
2. Moderate Pain:
a. Codeine: 1 mg/kg po q 4 hr.
3. MIld Pain:
a. Acetam nophen: 8 ng/kg/dose po q 4 hr.
b. Ibuprofen: 10 ng/kg po q 4 to 6 hr.
c. Naproxen: 250 ng/dose po q 12 hr.

d. Indonethacin: 25 ng/dose po q 4 to 8 hr. Contraindicated in
psychi atric, neurologic and renal diseases.

e. Tolnetin: 400 ng po q 8 hr.
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4. Toradol is a NSAID that can be given IV and may be beneficial in
m | d-noderate pain as well as an adjuct to narcotics in severve pain (it
may decrease the dose of narcotics needed to control pain).

5 CONTRAI NDI CATED:

a. Aspirin: associated with Reyes syndrone.
ACUTE CHEST SYNDROVE
DEFI NI TI ON/ ETI OLOGY.

1. An acute respiratory illness characterized by cough, fever, pleuritic
chest pain, respiratory distress, |eukocytosis and pulrmonary infiltrate
on chest x-ray.

2. Etiology is uncertain, but in npst cases it probably represents a
combi nation of infection and intrapul nonary sickling (infarction).

3. Less common eti ol ogi es of chest pain include nmyocardial ischem a
chest wall pain frombone infarction, part of the diffuse pain of a pain
crisis, esophageal disease, peptic ulcer disease, and gall bl adder

di sease.

CRI TERI A FOR HOSPI TAL ADM SSI ON: Respiratory distress (tachypnea,

dyspnea, retractions, flaring, prom nent cough, etc.) and/or:

C.

1. Mobderate or severe chest pain.

2. Fever greater than 39°C or 102°F

3. Oxygen saturation nore than 3% bel ow baseline or <90% in room air
| NPATI ENT MANAGEMENT

1. Blood culture initially: repeat after 48-72 hours for persistent
tenperature over 38.5°C (101.2° F).

2. Intravenous fluids at maintenance rate; watch for volunme overl oad.

3. Daily weight, strict I & Os, frequent vital signs.

4. Suppl enental oxygen by mask should may be given; the |evel of
oxygenation should be continuously nonitored by pulse oxinmetry, and
mai nt ai ned at or above baseline value (see data base) or if no baseline

avail able > 90%

5. Chest X-ray initially and then every 2 to 3 days, or as clinically
i ndi cat ed.

6. CBC with differential and reticulocyte count initially, then daily

Hgb/ HCT/ Retic. The henpglobin often falls by 2-3 gnmdl during severe
acute chest syndrone.
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7. Antibiotic coverage for S. Pneunoniae, H influenzae type b and
possi bl e concomitant nycoplasma infection. Current recomrendati ons:
Cef uroxi me, 150 ng/kg/day IV plus Erythronycin 40 ng/ kg/day po both
di vi ded TI D

8. Cautious use of narcotics for chest wall pain due to the risk of
hypoventil ati on, however pain may lead to splinting and hypoventil ation
as well. Tordol may be a good option for control of mld-noderated
pai n.

9. Chest physiotherepy to involved area of |ung when consolidation
atel ectasi s, or abundant secretions are present; bronchodil ators by
i nhal ati on may be of use as well

MANAGEMENT OF SPECI FI C COWPLI CATI ONS

1. Monitor arterial blood gases for increasing respiratory distress and
falling Op saturation. Cyanosis may not be obvious in such patients, and

if pO is less than 60 nm Hg, generalized sickling may occur

2. G ve packed red blood cell transfusion of 7-10 m/kg each for
decl i ni ng henogl obi n and worsening clinical condition (to increase
oxygen carrying capacity). Post transfusion henogl obin should not exceed
11 gnmdl. Do not routinely transfuse stable patients as there is no

evi dence that correction of the anem a hastens recovery. Adjust IV rate
during transfusion to avoid vol une overl oad.

3. Transfer to ICU for a 1 to 2 blood volume exchange transfusion (see
bel ow) using whole blood (to remove sickled cells} in patients with a
pOy |l ess than 60 nmm Hg despite nmaxi mal oxygen therapy and/or clinica

deterioration. If the patient is over 20 to 25 kg consi der use of
aut omat ed pheresis with packed red bl ood cells (see bel ow).

4. Intubation and nechanical ventilation as indicated for hypoxenic
respiratory failure or repiratory failure due to fatigue.

APLASTI C CRI SIS
DEFI NI TI ON AND PATHOPHYSI OLOGY

1. Arapid decline in henmpogl obin concentration resulting fromtransient
cessation of erythropoiesis.

2. Etiology: direct cytotoxic effect of parvovirus B19 on erythroid
precursors in the bone marrow. Erythroid precursors di sappear fromthe
bone marrow for about 10 days foll ow ng parvovirus infection, resulting
in a reticulocyte count usually less than 0.1% and a reduction in
henogl obi n val ues, often by 3-5 gnidl

3. Patients with aplastic crisis do not usually exhibit the other

mani f estati ons of parvovirus B19 infection (such as the "sl apped cheeks
rash of erythemm infectiosumor arthralgia/arthritis).
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4. Approximately one week followi ng the onset of erythroid aplasia,
pati ents devel op an anti body response (initially IgMand then 1gQ,
which results in viral neutralization, resunption of marrow erythroid
activity, and a rapid rise in the reticul ocyte count and henogl obi n that
is often heral ded by a | arge nunber of of nucleated red blood cells on

t he peripheral blood snear.

CLI NI CAL MANI FESTATI ONS/ LABORATORY FEATURES
1. Cccurs between 2 and 15 years of age.

2. Patients usually present with fever, malaise, |ethargy, and possibly
syncope.

3. Physical exam nation shows pallor and tachycardia. Patients with
severe anem a nmay exhibit congestive heart failure. The spleen is not
| arger than usual

4. Laboratory abnormalities include severe anem a (henogl obin usually 2
to 6 gmdl) and reticulocyte count < 1.5 % (usually < 0.1 % unless the
patient is already in the recovery phase). The WBC count is usually
normal or slightly elevated. Platelet count is generally nornmal.

MANAGEMENT AND OUTCOME

1. Type and crossmatch for a total of 15-20 m/kg of packed RBCs. For
very young patients ask the bl ood bank to divide a unit of blood into
al i quot s.

2. Transfuse patient with 5-7 nml/kg of packed RBCs over 3 to 4 hours.
After assuring that the patient is stable (i.e., not in heart failure),
repeat the transfusion until a total of 15-20 nm/kg is adm nistered.
Patients with profound anem a who are in heart failure may require an
exchange transfusion (see below). Do not over transfuse (Hb~11).

3. Patients with parvovirus should be placed in contact isolation since
parvovirus Bl 9 is highly contagi ous. They shoul d have no contact with
pregnant care-givers or ward personnel. Patients nust wear a nask when
out of their rooms.

4. Serum parvovirus antibody and antigen studies are usually not
required.

5. Many patients with acute parvovirus infection have high fever and
require blood cultures and intravenous antibiotics. Fever during an
aplastic crisis is usually due to parvovirus Bl 9 infection but
bacterem a and the risk of sepsis cannot be initially excluded.

6. Followi ng transfusion the patient may be pronptly discharged fromthe

hospital. Henodynamically stable patients with | ess severe anema (i.e.
over 4.0 gmdl) my be managed in the outpatient setting.
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7. Henogl obin levels should be foll owed every 2-3 days in the outpatient
unit until reticulocytosis resunmes and henogl obin i ncreases. Wen seen
inclinic, patients should wear a mask to avoid the spread of the virus.
8. Siblings with sickle cell anenmia (or other patients with sickle cel
anem a with whomthe patient has cone in dose contact) should have a
henogl obi n, hematocrit, and reticul ocyte count inmediately and again
10-14 days later to be sure that they, too, are not infected.

9. Recurrent aplastic events are rare since life-long hunmoral inmunity
agai nst parvovirus Bl 9 follows an aplastic crisis.

ACUTE SPLENI C SEQUESTRATI ON CRI SI S ( ASSC)

DEFI NI TI ON AND PATHOPHYSI OLOGY

1. Characterized by sudden enl argenent of the spleen and decline in the
henogl obi n concentration. Large quantities of sickled erythrocytes are

pool ed (sequestered) in the splenic red pulp

2. A large percentage of the patient's bl ood volune accunul ates in the
spl een.

3. At one tinme, ASSC was one of the npbst common causes of death in
infants with sickle cell anem a

CLI NI CAL FEATURES:

1. Most common in infants and young children with sickle cell anenm a
between 6 nonths and 5 years of age.

2. Also seen in patients with preexisting chronic splenonegaly.

3. May affect teenagers and young adults with sickle C disease.

4. Usually no obvious triggering event is known.

5. Signs and synptonms are nonspecific, including |ethargy or
irritability, pallor, tachycardia, and sonetinmes pain in the |eft upper
quadrant (especially in older patients). Occasionally, only an increase

in spleen size is appreciated.

6. Patients with severe ASSC may present in frank cardi ovascul ar
col | apse

7. Physical exam nation:
a. Signs of anem a and/or hypovol en a.

b. The spleen is larger than the baseline, sonetinmes massively so.

C. LABORATORY FEATURES:



1. The henoglobin is at least 2 gmdl below the baseline steady state
value. In sonme severe cases, the henpglobin declines to Iife threatening
| evel s.

2. Reticulocyte counts are elevated (usually 10 to 30%, and nucl eated
RBCs are al nost al ways present on the blood snear.

3. The WBC count usually rermains normal or slightly el evated.
4. The platel et count often declines to 50,000 to 150, 000/ mS.
MANAGEMENT AND OUTCOME:

1. Identify that ASSC is occurring. Parents of npbst patients with sickle
cell anem a have been taught to pal pate the spleen and may present to
the emergency departnment or clinic with the chief conplaint of the

spl een being larger than usual. Consulting the patient's database or
hospital chart will confirmthe patient's usual henogl obin val ue and

spl een size

2. In mld cases of ASSC (i.e., spleen only slightly l|arger than usual
henmogl obin 2-3 gm dl bel ow baseline, patient henpdynam cally stable),
the child my be followed as an outpatient with daily physica

exam nations and bl ood counts. Consult peds heme-onc.

3. Patients with nmoderate or severe ASSC should be hospitalized and
require the follow ng:

a. Careful and repeated physical assessnents for spleen size and
vital sign stability.

b. Type and crossmatch for PRBCs.
c. Serial henpgl obin deterninations.

d. If henoglobin decline is substantial (i.e. to below 4.5-5.5
gmdl),transfuse with 10 m/kg packed RBCs (repeated as necessary) to
rai se the henogl obin and mai ntai n cardi ovascul ar stability.

4. ASSC usually resolves within 2-5 days. Often, especially follow ng
bl ood transfusi on, henpglobin values rise to above steady state |evels
since the blood that had been pooled in the spleen is redistributed in
the circul ation. When the hospitalized patient shows stable or rising
henogl obi n val ues and snall er spleen size, he or she should be

di scharged, with close outpatient follow up.

5. Followi ng an episode of ASSC, sone patients have persistent

spl enonegal y and hypersplenism with | ower than usual henogl obin and

pl atel et values lasting weeks or nmonths. All children who experience an
epi sode of ASSC are at risk of repeat events.

6. Even though the spleen is enlarged, its reticul oendothelial function

is defective. Therefore, children with ASSC are still as risk of
overwhel mi ng pneunpococcal septicem a and require the usual preventive
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A

nmeasures, such as penicillin, pneunbcoccal vaccine, and pronpt
antibiotic therapy in event of fever.

7. Recurrent episodes of ASSC that require transfusion should be treated
with splenectomy. Many patients, however, will not require splenectony
but exhibit gradual dimnution in spleen size, with eventua

aut oi nfarction.

TRANSFUSI ON THERAPY

| NDI CATI ONS FOR TRANSFUSI ON

1. Definite indications

a. Acute neurol ogi c event.

b. Splenic sequestration with substantial decline in henoglobin (i.e.
to below 4.5-5.5 gnidl), or henodynamic instability.

c. Severe pneunonia or pulnonary infarction wi th declining henmogl obin

or worsening clinical condition. Exchange transfusion indicated if
pOy |l ess than 60 mm Hg despite naxinmal oxygen therapy.

d. Severe anem a with cardi ac deconpensation. Aplastic crisis with
severe anem a.

e. Acute arterial hypoxia (SgOp < 90%.

f. Hyperhenolytic crisis with enlarging liver/spleen
g. Opht hal nol ogi cal surgery.
2. Relative indications:
a. Synptomatic anem a.
b. Hepatic sequestration
c. Leg ulcers refractory to conservati ve nmanagenent .
d. Priapism recurrent, or resistant to acute treatnent.
e. Severe or prolonged pai n episodes.
f. Frequent pain episodes.
g. Chronic respiratory insufficiency.
h. High dose intravascul ar contrast studies.
i. Surgery with general anesthesia.

j . Pregnancy.
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B. SI MPLE TRANSFUSI ON

1. Indicated for severe anem a, aplastic crisis, hyperhenolytic crisis,
and in chronic transfusion programs. Al so used in patients with a
relative indication and a hematocrit < 20%
2. ALWAYS USE SI CKLE- CELL (SI CKLE DEX) NEGATI VE BLOOD. All patients with
a history of previous transfusions should be carefully screened for the
presence of autoantibodies. Use washed or reconstituted frozen blood in
patients with a history of allergic transfusion reactions.
3. Chronic transfusion:

a. Gve PRBCs to raise the hematocrit to 30%

b. Then transfuse q week until the % Hgb Sis < 50%

c. After the % Hgb Sis < 50% the hematocrit can be raised to 35%

d. Transfuse every 3 to 4 weeks to maintain hematocrit > 30% % Hgb S
30% and the reticul ocyte count < 4%

N

4. Acute transfusion:
a. Gve PRBCs to raise the hematocrit to 28 - 33%
b. Further transfusions are adm ni stered based on synptons.
5. Useful approxinmations:
a. Total Blood Volume (TBV) = 70 cc X weight in kg.
Total Blood Volune (in chronic anemia) = 75 cc X weight in kg.
(see below for using the TBV in cal cul ating the transfusion
vol une)

b. Red Cell Volune of Patient = TBV X Hematocrit.

c. To raise Hgb by 1 gmdl: give 3 cc/kg of PRBCs.
To rai se Hematocrit by 10% give 10 cc/ kg of PRBCs.

TBV X (HCT desired - HCT current)

d. Transfusion volune =
HCT of donor wunit

e. Average values in transfused units
i Wol e Bl ood: Hematocrit = 35%

ii. PRBCs: Hematocrit = 70%
iii. PRBCs with AdSol: Hematocrit = 60%

C. EXCHANGE TRANSFUSI ON
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(THI'S DESCRI PTI ON ONLY APPLI ES TO PATI ENTS W TH SI CKLE CELL ANEM A - ot her
al gorhythns may be inidicated in neonates or in other scenarios where
exchange transfusion is indicated)

1
or

Indicated in patients with acute neurol ogi c events, severe pneunoni a
pul monary infarction, acute arterial hypoxia, ophthal nol ogi cal

surgery, high dose intravascular contrast studies, surgery with genera
anest hesi a, and pregnancy.

2.

Preparati on

a. Insert venous and arterial catheter OR two | arge-bore venous
catheters OR a doubl e-|lunen henodi al ysi s cat heter.

b. Send blood to | aboratory for
i Conpl ete bl ood count.
ii. Quantitative sickle cell preparation (correlates well with
the quantity of Hb SS noted at el ectrophoresis).
iii. Electrolytes and cal cium determ nation
iv. Cross-match with PRBC (sickle negative).

c. Calculate and prepare volume to be transfused (see bel ow).
i PRBCs are assunmed to have a hematocrit of 60% in AdSol
ii. The whol e bl ood equivalent is whole blood with a hematocrit
of 40% or PRBCs reconstituted to a hematocrit of 40%wth
saline or FFP

Procedure

a. If the patient’s hematocrit is < 19% (Hgb < 6.5 g/dL). G ve PRBCs
equal to 30 cc/kg of body weight while renoving an equal volunme of
the patient’s blood. Then gi ve donor whol e bl ood equivalents cc for
cc while renoving an additional 40 cc/ kg of patient bl ood.

b. If the patient’s hematocrit is between 20 and 30% (Hgb 6.6 to 10
g/dL). G ve PRBCs equal to 10 cc/kg of body wei ght while renpving an
equal volunme of patient blood. Then gi ve donor whol e bl ood

equi valents cc for cc while renoving an additional 70 cc/kg of

pati ent bl ood.

c. If the patient’s hematocrit is > 30% (Hgb > 10 g/dL). Renove
10 cc/ kg of patient blood and exchange with 10 cc/ kg of nornal
saline. Then give donor whol e bl ood equivalents cc for cc while
removi ng an additional 80 cc/kg of patient blood.

d. Rate of exchange transfusion and aliquots:
i Adj ust the intravenous rate so the exchange transfusion
occurs over 4 to 6 hours (increase the exchange transfusion

time to 8 - 10 hours if over 1000 ml are to be exchanged).

i Wt hdraw bl ood at 10 to 15 minute intervals fromthe
arterial line or a |large-bore venous catheter. The aliquot
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for each draw will be determ ned by dividing the exchange
transfusion volune by the total exchange transfusion tine.

iii. If only a single catheter is available, exchange 2.5 cc/kg
every 10 mnutes. Attenpts to establish a second |ine should
continue after the exchange transfusion begins.

4. Monitoring
a. Heart rate and bl ood pressure (continuously).
b. Hematocrit and/or henpglobin every 2 hours and at the |ast hour
Henogl obi n | evel s of greater than 12 g/dL (hematocrit > 36% during
t he exchange nmay be associated with increased bl ood viscosity and
conplications.

c. Electrolytes, calciumevery 2 hours.

5. Endpoint. This protocol should give a Hgb S | evel of about 30% and a
final henogl obin |level between 10 and 12 g/dL.
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STATUS ASTHMATI CUS

I. Definition: Status asthmaticus (SA) is a life threatening form of asthnma
that is defined as a condition in which a progressively worsening attack is
unresponsi ve to the usual appropriate therapy that |eads to pul nonary

i nsufficiency. The primary mechanical event in status asthmaticus is a
progressive increase in airflow resistance. Micous pluggi ng and nucosa
or inflammation are the major causes for the del ayed recovery in status
asthmaticus. The conbination of hypoxia, hypercapnia, and acidosis may result
i n cardi ovascul ar depression and cardi opul nonary arrest.

edemn

Il. History:
A.  Known asthmatic?
B. Asthma nmeds? Conpliance? Tine of |ast dose/nebulizer Tx?
C. Previous clinic/ED visits?
D. Previous hospitalizations, intubations, steroid courses?
E. Wen did current wheezing/resp distress begin?

F. Precipitating factors.

I1l. Physical Exam
A. Vital Signs:
1. T: Fever may indicate URI, atelectasis or pneunpnia
2. P: Usually elevated, especially if treated wep
3. R Oten tachypneic {see tables below for normal respiratory

rates (RR)}

Respiratory Rates (breaths/nmn) of Normal Children Age 6 nbs. to 8 years

SLEEPI NG AWAKE
Age Mean Range Mean Range
6 - 12 nos. 27 22 - 31 64 58 - 75
1 2 yrs 19 17 - 23 35 30 - 40
2 4 yrs 19 16 - 25 31 23 - 42
4 6 yrs 18 14 - 23 26 19 - 36
6 8 yrs 17 13 - 23 23 15 - 30
Respiratory Rates (breaths/min) of Normal Children Age 8 - 18 years
Mean Range
8 - 10 yrs. 19.5 17 - 22
10 12 yrs. 19.5 17 - 22
12 14 yrs. 19 16 - 22
14 16 yrs. 18 15 - 21
16 18 yrs. 17 14 - 20
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B. Ast

BP: Pul sus paradoxus (a decrease in systolic BP during
inspiration of > 10 mHg in children or > 15nmHg i n adol escents)
correlates well with noderate to severe disease. It can be
measured wi th sphygnonmanoneter and a stethoscope: Inflate the
cuff, deflate it slowly. At a certain pressure, you will hear
pul se sounds during expiration, but not inspiration. As the cuff
is deflated further, you will be able to hear sounds during
inspiration and expiration. The difference in systolic BP between
these two phenomina is the pul sus paradoxus. Pul sus paradoxus is
readily apparent in patients with arterial lines where it is
observed as a danpening of the arterial wave form during

i nspiration.

The use of accessory respiratory nuscles correlates with the
severity of airway obstruction (abdom nal paradoxic breathing,

st ernocl ei domastoi d use, nasal flaring, intercostal retractions).
Wheezing is the | east sensitive indicator of obstruction.
Crepitus indicates air |leak in subcutaneous tissues.

hma score

Ok wWNE

PaO2
Cyanosi s
I nspir.
Access.

0 1 2

70-100 in air <70 in air < 70 in 40%
none inair in 40%
BS none unequal Dec. to absent
mus. use none noder at e maxi mal

Exp. wheeze none noder at e mar ked

Cer ebra

function nor mal depressed Coma
or agitated

1
fa

Clinical asthma score > 5 signifies inpending respiratory
lure, > 7 plus PCO2 > 65 signifies existing respiratory failure.

May substitute saturations for PaO2: > 95, 90-95, < 90.

2.

Be aware of the possibility of sudden deterioration in patients

condition (mucous pluggi ng, pneunothorax, worsening
bronchoconstriction).

C. Mist have air novenent in order to wheeze, so |ack of wheezi ng does
NOT necessarily mean everything is fine!

D. I:Erationormally 5:2; may be 1:2 with severe attack

E. Synmmetry of breath sounds:
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1. Some asymmetry nmay be heard with asthma al one
2. Increased wheezing unilaterally may indicate foreign body

3. Decreased breath sounds unilaterally may indicate pneunonia or
pneunot hor ax.

F. Mental Status: severe attack causes hypoxia and hypercarbi a,
causi ng confusion and decreased consci ousness.

Lab/ X-ray

A. Pulnmonary function tests: Obtain peak flowwith Wight's Peak flow
Meter on children old and well enough to cooperate.

B. CXR

1. A CXR should be obtained on every child adnitted to the hospita

with SAto define the extent of the associated parenchymal disease;

any conplications, and to differentiate other disease entities.
a. The EKG nmay show acute RAD “p” pul nbnale and a ri ght
ventricular strain pattern. During a severe attack hypoxem a and
hyperinflation nay | ead to increased pul nbnary vascul ar
resi stance. Also, negative pleural pressures becone even nore
negative which, with lung hyperinflation, may | ead to increased
LV afterl oad.

2. Usually shows hyperinflation (diaphragmflat or everted)

3. May see pneunonedi asti num pneunot horaces, pneunoperitoneum
and/ or subcut aneous enphysema

4. R/ O pneunoni a
5. Consider bilateral decub. films or insp./exp. filnms to RIO
foreign body (unilateral hyperinflation, tracheal shift, radio-opaque
foreign body).

C. ABG

1. Usually not necessary in children who have responded partially
to initial treatnent and continue to inprove.

2.  An ABG shoul d be obtained on patients:
a. Wth noderate - severe respiratory distress
b. Not responding to therapy

c. Serial ABG s may be necessary to eval uate progress/
deterioration

3. Because of air trapping, oxygenation is inpaired and PaQ2
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decreases. Initially, hyperventilation | eads to a decreased PaCQ2.
However, with further air trapping, work of

breat hi ng i ncreases and | ung conpliance decreases |leading to
hypoventil ati on and i ncreased PaCO2. Thus, a "normal" PaCO2 of 40 is
abnormally high in the face of the increased respiratory rate and

i ndicates a noderately severe attack. Simlarly, the initia
hyperventilation causes a respiratory al kal osis and i ncreased pH

However, as hypoventil ation ensues,

a respiratory acidosis occurs as

well as a netabolic acidosis fromwork of breathing and poor tissue

oxygenati on.

4. Blood Gases: Acidema in excess of that predicted from neasured
PaCO2, acconpani ed by an abnormally | arge serum ani on gap and high
plasma | actate | evel, has been shown to occur in those severe
asthmatic patients who require intubation. PaQ2' s |ess than 60 mrHg
are an additional danger signal. Hypoxem a during severe asthm
exacerbations occurs because of nismatching of ventilation and

perfusion and can persist for days.

If PEFR < 25% you may see

al veol ar hypoventilation and a rise in PCQ2.

5. Blood Gases:

pO2 pCO2 pH Severity
Exanpl e on RA
pH pCO2/ pQ2
7.4/ 39/ 89 St age | B nor nal nor nal mld
7.45/35/78 Stage || B B al kal oti c m | d but worsening
7.4/ 38/ 68 Stage |11 N nor nmal nor nmal noder at e
7.3/ 48/ 55 Stage |V I - aci dotic severe

V. Differential Diagnosis of Weezing:

A.  \Wheezing in a known asthmatic is al nost always an asthma attack.

B. First tine wheezing in an infant may be bronchiolitis, or pneunonia
(the last two may al so occur in asthmatics).

C. Congenital Ml formations

D. Laryngotracheonal aci a, vocal cord paralysis, tracheal or bronchial

stenosi s, GER, vascul ar ring

E. Enlarged |ynph nodes frominfection or tunor.

F. Foreign bodies in trachea, bronchus,
G Infections

H.  Acute bronchiolitis

I. Bronchitis and asthmatic bronchitis

J. Vocal cord paralysis
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K. Cystic Fibrosis
L. Aspergillus
M Anaphyl axis (hx. of insect sting or drug?)
N. Toxic fume induced bronchospasm

VI. Treatnents in Clinic or Emergency Departnent:
A.  Acute:

VI,

1. Beta-agonist nebulizer treatnent, may give 5-10 ng nebs back-to-
back if minimal initial response.

a. Albuterol 0.15 ng/kg (max 10 ng/ dose)

2. Atropine 250ntg (<2 y.o0.), 500 ncg (>2 y.o0.), add to 2" or 3"
bet a- agoni st neb

3. Subcut aneous injection - subcutaneous epi. rarely done today as
nebul i zers are so commonpl ace. Terbutaline al so may be used.

a. Epinephrine: 1:1000 0.01 cc/kg/dose (0.3 cc nax)

b. Terbutaline 0.05% solution, 0.01 ng/kg/dose with a nmax. of
0.25 nmg q 20 - 30 minutes.

4., Steroids: Solunmedrol 2 ng/kg IV, then 1-2 ng/kg IV Q 6 hours. |If
m | d exacerbation or quick response to above, nmy consider ora
predni sone 2 ng/ kg.

5. Oxygen

a. |In younger patients, the distress caused by fighting the mask
may only nake the wheezi ng worse.

b. Humidified 02 should be placed on all patients who show

evi dence of hypoxia (O2 sat <90% on sat nonitor/pul se oxineter)
or respiratory distress. Renmenber the sat nonitor gives no

i nformation regarding ventilation and pCQ2.

6. A child who goes honme after a clinic/ED visit needs additiona
therapy usually. If not on meds, begin albuterol orally or via
inhaler. |If on theo and subt herapeutic but yet clai mgood
conpliance, increase theo dose and add Al buterol. |[|f therapeutic on
t heo, add another ned (Al buterol - orally, or inhaler, or steroids).
Arrange f/u to assess interventions.

Treatnents in the PICU

A child with a | ow pa®2, high paCO2, decreased breath sounds, severe wheezing,
retractions or altered nmental status is in danger of respiratory failure and
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shoul d be considered for adm ssion to the PICU. A-line nonitoring should be
considered and is indicated in nost intubated patients. Patients requiring neb
nore frequently than QL hour for a prolonged period should probably be
admitted to the PICU. Once in the PICU, patients nust continue to be followed
closely - (VS, nmental status). Use continuous cardio-respiratory nonitors.
Bewar e of sudden deteriorations in the patient’s condition.

A. Beta-agonists

1. Epinephrine - Has both Bl and B2 adrenergi c agoni st effects.
Dose 1:1000, 0.01 m/kg/dose SC, max 0.5 m every 15-20 nin.
Cenerally not used over the selective B2 agonists.

2. Selective B2 agents
a. Albuterol

(1). If a patient is not optinmally responding to
standard doses of al buterol (0.15 ng/kg), one can

i ncrease the hourly dose and/or increase the
frequency. Intermttent doses of 0.3 ng/kg (to max of
10 nmg) every 20 min for 1-2 hours is acceptable.
Tachycardia is generally mld with its greatest degree
occurring during the first 60-80 m nutes. Gradua

i nprovenent in the tachycardi a despite continuation of
t herapy usual |y occurs.

(2). Continuous nebulized dose is 0.5-2.0 ng/kg/ hour
to a maximumof 20 ng/hr. Adnminister the neb as
close to the patient as possible if adnmnistering into
the ventilator circuit. Doses higher than 20 ng/hr may
be needed if the drug is adhering into the ventilator
tubi ng. Make sure that at least 6 liters of gas flow
admi ni ster the nebulized dose.

(3). One will want to use a nebulizer with at |least 8
liter/min of Q2 flowif patient is not intubated. A
Maxi heart nebulizer delivers 20 m /hour of mst at 8
liters of flow It delivers 30 and 50 m /hour of m st
at 10 and 15 liters of flow The m ni heart nebulizer is
only used on the ventilator circuit. It uses 2 liters
of flowto deliver 8 m/hour of mst.

(4). Side effects - trenor, hypokal em a, headache,
arrhyt hni as, anaerobic netabolismleading to net.
aci dosis with overdoses, chest pain.

b. Terbutaline

(1). Nebulized terbutaline has safely been

admi nistered to children with severe asthm (up to 0.4
ng/ kg/ dose) as well as by continuous nebulization (0.4
ng/ kg/ hr) with good results. Usual nebulizer dose:
0.03 ng/kg (up to 1 ng) in 1 cc NS.
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(2). Terbutaline SC dose - 0.05% sol ution 0.01
ng/ kg/ dose (max 0.25 ng) every 20-30 mn.

(3). May consider using continuous |V infusion if

pati ent does not inprove with inhal ed beta-agonists.
The recomended dose: 10 nctg/ kg bolus over 15 ninutes
foll owed by 0.4 ncg/kg/mn infusion. This can be
increased by 0.2 ncg/kg/mn at a time to a maxi mum of
6 ncg/ kg/ min. Tachycardia greater than 200 woul d
warrant | owering the dose.

(4). There is a recommendation of reducing the
mai nt enance dose of terbutaline by 50%in patients who
are al ready receiving theophylline.

(5). Side effects: trenor, nervousness, headache,
nausea.

Ami nophyl I'i ne

1. Studies of the energency departnment nanagenent of asthmm indicate
t hat met hyl xant hi nes do not significantly enhance the bronchodil ator
response to B2 agonists when the latter are repetitively given at
short intervals. However, when the dose and frequency of inhaled B2
agoni sts are reduced, nethyl xanthi nes and B2 agonists may maintain
bronchodi | ati on better than B2 agoni sts alone. Metabolismvaries -
if you think you are subtherapeutic or toxic, check a |level!

Suggested m xi ng of IV Ami nophylline: mx 1000 ng in 100 cc of tota
vol une (10 nmg/cc) or 500 ng in 500 cc of total volume (1 ng/cc)
depending on the patients size and fluid requirenents.

Suggest ed dosi ng of IV Ami nophylline for continuous infusion:

0-1 nonth 0. 15 ny/ kg/ hr
1-6 nonth 0.5 ng/ kg/ hr
6 nmont h-1 year 1.0 ng/ kgl hr
1-9 years 1.0-1.5 ng/ kg/ hr
10-16 years 0.8-1.2 ng/ kg/ hr
> 16 years 0.5-0.7 ng/ kg/ hr

2. The therapeutic level is 10-20 ng/liter and the desired level is
8-12 ng/liter. It is not necessary to keep levels as close as
possible to the upper limt (20 ng/liter). Levels > 20 ng/liter are
toxic. If the patient is not on theophylline one may begin the

i nfusion by loading with 6 - 7 ng/kg over 20 m nutes and then
starting the appropriate infusion rate (see the above table). One
then checks a post-loading dose at one hour after the bolus, and at 4
hours after the bolus. If the post bolus level is | ow one may rel oad
with the appropriate amount (1 ng/kg i ncreases the |level by 2
ng/liter). If the 4 hour level is |ower then the post-bolus Ievel,

t hat suggests the infusion rate is too | ow and the patient should get
rebol used, have the infusion increased by 10% and have another 1
hour post-bolus |level and 4 hour post-bolus |evel checked. If the 4
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hour | evel is higher then the post-bolus level, that suggests the
infusion rate is too high and the patient should have the infusion
decreased by 10% and another |evel should be checked in a few hours.
A 12 - 16 hour level indicates steady state. If the patient is on
theo. already, check a level and give an appropriate anount to reach
a level of 12-14. So: the 1 hour post-bolus |evel indicates how the
bolus did, the 4 hour post-bolus |evel indicates how well the drip is
mai nt ai ni ng the bolus, and the 12-16 hour |evel indicates steady
state.

3. Meds that alter theo clearance:
1. Increased theo netabolism
a. Barbiturates
b. Phenytoin
c. |soprotereno
2. Decreased theo netabolism
a. Allopurinol
b. Cinmetidine
c. FErythromycin
d. Propranol ol

e. Oral Contraceptives

C. |Isoprotereno

1. Nonsel ective B-adrenergi c agoni st once used for asthma
unresponsi ve to Ami nophylline is NO LONGER | NDI CATED in asthma as it
causes a increased myocardi al oxygen consunption and nay put patients
as risk for myocardial ischemia. There are nmore selective beta-2
agoni sts that provide all of the advantages of |soproteranol wth

| ess risk.

D. Anticholinergic Agents - The anticholinergic agents are believed to
act by blocking the irritant receptors and inhibiting cGW netabolism
which results in bronchodilation. The higher the parasynpathetic tone
in the patient, the nore responsive to anticholinergics they will be.

1. Ipratropium Bronide (Atrovent)

a. Synthetic quaternary anmoni um derivative of atropine
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b. Wien given by inhalation, its’ peak effect appears in 30
m nutes, and lasts 4-6 hours.

c. Dose - 250 ncg for children I ess than 2 years of age, and 500
ncg for older children. The side effects seem fewer than
atropine; there is no CNS effect. There is no significant effect
on the tracheal nucous transport rate.

d. An Ipratropium Broni de dose of 250 ntg via neb. given al ong
with repeat doses of nebulized Albuterol at 0.15 nmg/kg g 20
m nutes may reduce hospitalizations fromthe ER

E. Corticosteroids (Solunedrol, methyl prednisol one)
1. Anti-inflamatory

2. Initial inprovement occurs within 6 hours, but a longer tine
is needed for full affect.

3. Hel ps speed the resolution of severe asthma refractory to
bronchodi | at or therapy.

4. Optimal dose is not known - 2 ng/kg IV for the initial dose
than 1 mg/ kg IV every 6 hours thereafter is one recomrendation, 2
ng/ kg 1V every 6 hours x 4 then 1 ng/kg IV every 6 hours
thereafter is another. Observe for hyperglycem a and hypertension

F. Magnesi um

1. Theoretical reasons explaining MgJSO’'s bronchodil atory effect
include its’ cal cium channel bl ocker capabilities, sedative
action, and its’ effect in decreasing acetylcholine release from
nerve termnals. MSO |evels greater than 10 have been
associated with cardiac arrest and respiratory insufficiency.
Level s must be fol |l owed.

2. Suggested dose 25 ng/ kg of MgSOH4 to a mexi mum of 2 gramns
delivered over 20 mnutes in children to obtain levels of 4-7 ng/dl.
Consider using in patients who are in noderate to severe di stress
despite usual therapy.

G Ket am ne

1. A dissociative anesthetic which causes anmmesia with potent
bronchodi | ator properties.

2. May be adninistered as a bolus dose of 0.5-1.0 ng/kg foll owed by
a continuous infusion of 0.5 - 1.0 nmg/kg/hr. Excersise extrene
caution in non-intubated patients due to risk of respiratory

depr essi on.
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3. Caution is recommended when using ketamine in patients
suspected of having increased PVR, especially during spontaneous
ventilation without a protected airway. Ketam ne increases |CP
and shoul d be avoi ded after head trauma and in other patients at
risk for elevated ICP. Also increases secretions.

4. The emergence phenonmenon in ol der patients can be decreased
with the concurrent administration of benzodi azepi nes.

H. Heli-ox

1. Heliumis an inert gas with |lower density than anmbient air. The
addition of heliumto inhal ed gases enhances the diffusibility of the
gases by decreasing resistance in areas of turbulent flow.

2. 60-80% helium 40-20% O2 (Heliox) has been reported to decrease
ai rway pressures and CO2 retention in intubated patients. A trial of
Hel i um oxygen mi xtures shoul d be considered for patients in noderate
to severe distress or those mechanically ventilated asthmatics with a
respiratory acidosis who fail conventional therapy and who may

tol erate 20-40% Fi O2.

I. Antibiotic Therapy

1. Respiratory infections are usually caused by viruses so
antibiotics have no role in treatnent.

2. Think about RSV and nycoplasma. Erythromycin increases theo
| evel s (decreases clearance) - follow theo levels carefully.

J. Hydration and Correction of Acidosis

1. If dehydration is present, it should be corrected. High
i nsensi bl e | osses occur due to decreased po intake and increased
respiratory | osses.

2. Overhydration nust be prevented. Monitor for hyponatrenia

SI ADH and evi dence of water intoxication. The nore negative

i ntrapl eural pressure during severe asthma favors fluid accumul ation
in the interstitial space around the bronchiole.

3. Patients who can not guard their airway sufficiently due to
respiratory distress (especially small children), should be kept NPO
to avoi d aspiration.

4. |V fluids of 1 X maintenance are usually adequate. Tachycardia
may occur from asthnma drugs. UOP and cap. refill are better

i ndi cators of hydration status.

5. Monitor for hypkal emi a secondary to beta agonists.

6. |If you wish to correct a netabolic acidosis, Thamis the agent of
choice, as ti will not further conprom se ventilation.

244



(Admi nistration of HCO3 will result in conversion to CO2 and may
further conproni se ventilation)

Chest Physical Therapy

1. In selected patients who mani fest severe nmucous hypersecretion
postural drainage, chest vibration and percussion may be benefici al

Oxygen
1. Administer humidified O2 to keep saturations at > 90%

2. Hypoxemia is associated with air hunger, anxiety,
bronchoconstriction and increased bronchial reactivity.

Mechani cal Ventil ation

1. Due to high airways resistance, patients with severe asthnma are
difficult to manage on mechanical ventilation. Conplications occur
at nearly 3 tinmes the usual rate. Endotracheal intubation may
intensify the degree of bronchospasm

2. I ndi cations for nechanical ventilation

a. The presence of apnea or near apnea, dimnished |evel of
consciousness with inability to protect the airway and/or
progressi ve exhausti on.

b. Hypercarbia--although initial hypercapnia in an acute
asthmatic is worrisone, these patients should be eval uated

i ndividually and nost will not require intubation. Elevated CO2
may respond to aggressive treatnment. If the patient is
oxygenating and his/her |evel of consciousness is reasonable,
ther is not a specific CO2 |evel that mandates intubation

c. Cinical deterioration despite aggressive therapy as
evi denced by paradoxi cal abdom nal nobvenent, cyanosis on 40%
FiO2, paO2 < 60 on 6 liters O2, exhaustion, absence of breath
sounds, increasing WOB

3. Rapid sequence induction with Ketamine (bronchdil ating
properties)and neuroruscul ar bl ockade is recomended for
i ntubation. Mintenance of sedation with Ketam ne or
benzodi azepi nes during mechanical ventilation is usually
adequat e, though sonme patients will benefit from NMB. Continuous
NMB in the face of steroids places the patient at risk for stroid
myopat hy, a state of prolonged muscul ar weakness that may result
in the need for prolonged ventilator support and rehabilitation

4. The approach to nmechanical ventilation generally enploys use of
lowrates to allow for long inspiratory and expiratory tine with an
I:Eration of 1:2-1:4 to allow pts tine to exhale and prevent air
trappi ng; tidal volunes of 8-10 cc/kg in an attenpt to limt pead

i nspiratory pressures, and PEEPs of 2-4. Perm ssive hypercapnea and
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hypoxia are used to limt barotrauma, volutrauma, and oxygen
toxicity. ensues. A typical goal is to achieve a pH > 7.20, allow ng
el evated pCO2’'s and correcting acidosis with Tham However, if the
patient has a poorly functioning heart or suffered an anoxic cerebra
injury, this strategy may be contrai ndi cated.

Anest hetics - call Anesthesia.
1. Hal ot hane
a. Concentrations of 0.5-2%
b. The duration of treatnent depends on the clinica
response and PaCO2. Once PaCO2 is stabilized and clinica
ai rway obstruction is dininished, as indicated by decreased
PI P or decreased wheezi ng, hal ot hane inhal ati on can be
di sconti nued.
(1). Side effects
(a). Myocardial depression
(b). Arrhythni as
2. Isoflurane

a. Has fewer side effects than hal ot hane.

b. Isoflurane causes systemic vasodil ati on secondary to arteri al
snoot h nuscl e rel axation
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STATUS EPI LEPTI CUS

I. Initial Management: position on side, protect frominjury, |oosen

cl ot hi ng.

A

C.

Ai rway
1. Jaw lift

2. Bite block or oral airway if able (no tongue blade or fingers in
nout h)

3. Suction secretions or enesis
4. Roll on side.

Br eat hi ng

1. O by nmmsk

2. Intubate if needed

a. Address seizures first - will be difficult to intubate and
ventilate if patient is seizing (unless you paralize then)

b. May need to intubate for respiratory depression secondary to
meds gi ven.

Circulation - start |V, monitor BP, O, SAT.

Il. Quick assessnent, pertinent history - ask yourself: Wy is this patient
sei zing now? Trauma? Toxin? Hi story of past seizure? Infection? Has the
sei zure pattern changed?

A

Sei zure

1. Description: [precipitating event, onset: focal/generalized,
duration], was child post-ictal ?

2. Fever? S/ISillness?

3. Previous seizures? (degree, control, etc.)

4. Chronic seizure neds? (dose, conpliance, |evels)
5. Hx. trauma? (Accidental or non-accidental)

6. Toxin ingestion?
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7. Chronic nedical problens? Hx. of syncope?
8. Behavi or changes?

9. Vomiting? / diarrhea? - Consider inborn error of netabolismin
i nfants.

Physi cal Exam
A. Vital Signs

1. Evidence of increased ICP / herniation ? {increased BP
tachycardia (early), bradycardia (occurs |late and is an om nous

sign), dilated pupils, papilledenma}
2. Decreased BP from sepsis, toxins
3. Fever fromneningitis

B. Mental Status / Level of Consciousness, d asgow Cona Scal e (see
Neur ol ogi ¢ Assessnent chapter)

C. Respiratory Pattern
1. Assure good air exchange

2. Abnornml patterns with worsening | evel of consciousness

D. HEENT

=

Pupils (size, reactivity)

2. Fundi (papilledema, henorrhage)

3. Signs of head traunma

4. Signs of neningisnus
E. Neuro. Exam - focal signs, |evel of consciousness
Labs/ X-ray

A. STAT dextrostix - remenber, it only takes a drop of blood and you
get the result quicker than a | ab gl ucose

B. STAT anticonvul sant | evel s

C. STAT lytes, BUN, creatinine, glucose, Ca++, M++, calcul ate anion
gap (Anion Gap described in Pediatric Resus. chapter)

D. CBCwith diff (sepsis) and blood cultures as indicated.

E. Serum Tox screen ("conma/dangerous drug panel")
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V.

F. Owher studies (if indicated): LFT s/ammonia (Reyes), |lactate
and pyruvate esp. in infants, FEP (lead poisoning), inborn error wu.
consider long QT syndronme especially if the patient has a history of
recurrent syncope, syncope with exercise, is an athlete or has a
positive fam |y history for sudden death, syncope, or cardi omyopathy.

G Lumbar puncture (LP)

1. This is to evaluate for neningitis - antibiotics should not be
held if you think the patient has a CNS infection!! You have about 4
hours to tap the patient after antibiotics and still be able to

eval uate the CSF, so consider early treatnent.

2. Needed on sone patients, but not emergently. R Oincreased |ICP
with a head CT before LP!'! Focal exam findings or focal seizures
are especially inportant indications of possible CNS nass | esions.

3. An LP is needed for febrile patients with S/S infection, and
for comatose patients (after CT). |If septic or unstable, push
antibiotics STAT, and LP later. Consider Acyclovir (10 ng/kg/dose) IV
every eight hours if encephalitis is suspected, (send viral and herpes
cultures on the CSF, and do nasopharyngeal, rectal, eye, and urine
viral cultures)
4. Obtain CSF opening and cl osing pressures.

H CT of Head

1. I f evidence increased |ICP, head traumm, or comatose.

2. Also CT if: new onset seizure, suspicious circunstance or foca
findings on exam or focal seizure.

I. EEG once stable or at Peds neurol ogy discretion. Arrange for
i medi ately if seizures do not respond to standard anti convul sants.

Tr eat ment
A. ducose if hypoglycenmc, 0.5-1.0 gmkg = 1-2 cc/ kg D50
B. Lorazepam (Ativan)

1. 0.1 mg/kg IV, over 1-2 min, up to 2 ng - repeat after 5-10
mns. if seizures continue. May be given PR

2. Alternative: Diazepam (Valium - 0.5 nmg/kg IV over 1-2
mns., q 10 - 30 mnutes, up to 10 ng. May be given PR or via
ETT.

3. Major problens:

a. Short half life - (especially Lorazepam, may need
| onger acting nedications.
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b. Respiratory depression, esp. in conbination with
phenobarb (be prepared to intubate).

C. Phenytoin (Dilantin)
1. 20 mg/kg IV over 20 min. 1 gm max.

2. Major side effects are hypotension and arrhythmia. My cause
sedation or ataxia.

3. Phospheytoin, newer derivative, sanme dose in phenytoin
equivilents, nmay be given IMiv necessary.

C. Phenobarbita
1. 20 nmg/kg IV over 20 mns.
2. Can be given IMif no IV established
3. Requires several mnutes to work
4. Major side effects are sedation and respiratory depression

D. |If patient is on chronic phenobarb or phenytoin: wuse snall
bol uses of sane drug (5ng/kg) until |evels are avail able.

E. Pyridoxine 100 ng |V should be given if standard anticonvul sants
are ineffective in a child under 1 year with unexplained status. My
cause respiratory depression if given too rapidly.

F. If above neasures are ineffective, proceed to pentobarbital coma

- call neurology, EEG adnmt to |ICU have dopanm ne and fluids ready,
and intubate the patient (if not already done).
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SYNCOPE
. 1 NTRODUCTI ON

A.  Syncope may be defined as a sudden fall in blood pressure or failure
of cardiac systole resulting in cerebral hypoperfusion and subsequent
transi ent | oss of consciousness. It is conmonly called fainting.

B. Fainting is not a rare event. It is nost often the result of
vasovagal reactions which are usually benign. However, sonme causes of
syncope are |ife-threatening.

C. A patient with a history of syncope deserves careful eval uation
because syncope, especially if it recurs, places the patient and others
at risk for injury. This is especially true if the episode occurred
while crossing a street, swiming, driving, clinmbing or operating

machi nery.

D. In addition, when heart disease is the etiology for syncope, a risk
of serious dysrhythm as and sudden death exists.

E. Syncope may occur at |east once in up to 50% of adol escents and
accounts for 1 - 3%of all Energency Dept. visits. The pediatricians
task is to identify the small subset with significant disease.

1. ETIOLOG ES
A. Causes of syncope in children and adol escents (6 nmmjor categories):

1. Abnormal circulatory control, vascular volunme or tone:
a. Vasovagal syncope - i.e. occurs in a hot crowded room tight
collar etc.
Pallid infantil e syncope
Acute volune depletion i.e. henorrhage, dehydration
Chronic hypovolem a i.e. diuretic abuse, idiopathic
Orthostatic hypotension i.e. idiopathic, postexercise, fanlia
dysaut ononi a
Situational syncope i.e. mcturition, swallow ng cold fluids,
def ecati on, coughi ng
g. Pregnancy

D QO T

—h

2. Cardiac abnormalities:
a. Tachyarrhythm as

1. Long QT syndrones i.e. famlial dom nant (Romano-Ward
syndronme), familial recessive deafness assoc. (Jervell Lange-
Ni el sen syndronme), idiopathic nonfamlial |ong QT syndrone,
drug associated | ong QI/torsades de pointes/ventricular
tachycardia from qui ni di ne, procai nam de, ani odarone,
terfenadi ne (potentiated by IV macrolides - erythromycin,
trol eandomyci n, or ketoconazol e), astem zole, cyclic
anti depressants, |V pentam dine
2. Supraventricular tachycardias i.e. rapid reentrant
supraventricul ar tachycardia with hypotension, Wl ff-Parkinson-
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b

d.

VWhite syndrone with atrial fibrillation, exercise-induced SVT
associated with Wl ff-Parki nson-Wite syndromne

3. Ventricular tachycardia (VT) (unassociated with ong QT
syndrones) i.e. arrhythnmogenic right ventricular dyspl asia,
exer ci se-associ ated (catechol anmi ne sensitive) VI, “sleep death”
in young Sout heast Asian nmales (especially from Canbodi an or
Laoti an descent), rapid nmononorphic sustained VT after repair
of Tetral ogy of Fall ot

Bradyarrhyt hni as:

1. AV block (heart block) i.e. congenital, tunmor of the AV node,
L-transposition (congenitally corrected transposition),

i di opathic, neuronuscul ar disorders with AV bl ock, Lyne disease
2. Sinus node disease i.e. after atrial repair of transposition
i di opathic, sick sinus syndrone

Structural heart disease:

1. Left ventricular outflow obstruction i.e. aortic stenosis,
carotid artery stenosis, hypertrophic cardionmyopathy (idiopathic
hypertrophi ¢ subaortic stenosis or |HSS)

2. Right ventricular outflow obstruction i.e. pulnonic stenosis,
pul nonary enbolism primary pul nonary hypertension

3. Atrial nyxom

4. Dilated cardiomyopathy i.e. idiopathic, caused by coronary
anonmal i es, caused by nyocarditis

5. Mtral valve prol apse

6. Pericardial effusion or pericarditis with tanponade

7. “Tet” spells

Myocardi al infarction (rare)

3. Metabolic:

a.

D QO T

Hypogl ycem a

Hypocal cem a

Hypomagnesem a

Hypoxi a

| mbal ances in sodium potassium or chloride

4. Central nervous system abnornalities:

a.

b
c
d.
e

Sei zures

Trauma

Cerebral vascul ar accidents (strokes), rare

M grai nes especially with invol vement of vertebrobasilar system
Qbstruction to cerebrovascular blood flowi.e. cervica

spondyl osi s, Takayasu' s di sease, rare

f.
g.

Vertigo
Central autonom c insufficiency, rare

5. Psychol ogi cal disorders:

a.

D QO T

Hysteria/ conversion

Mal i ngeri ng

Hyperventil ation

Pani ¢ di sorder

Munchausen’ s syndrone (by proxy)
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f. Laryngeal syncope (Charcot’s vertigo)

6. Drugs (the follow ng agents are not usually associated with QT
prol ongation. This contrasts themw th the drugs |listed above in the
I ong QT section):

Ant i hypertensi ve agents

Cocaine and other illicit drugs

Al coho

Bar bi turates

Phenot hi azi nes

Nitrates

DO QO O T QD

[11. PHYSI OLOGY:

A. Cardiac output (CO = heart rate (HR) X stroke vol une (SV)
Bl ood pressure = CO X Total peripheral resistance (TPR) so,
BP = HR X SV X TPR

B. Determinants of HR sinus node function, autononmic control (neura
and hurmoral) i.e. vagal tone (inhibitory), catecholam nes (stinulatory),
and synpat hetic tone (stinmulatory)

C. Determ nants of SV: circulatory bl ood volune, venous return (which is
altered by nmuscle tone, tissue pressure, preghancy, respirations)

D. Determinants of TPR: baroreceptor tone (carotid sinus, aortic arch),
arteriolar tone (altered by electrol yte bal ance, oxygenation status,
cat echol am nes, autononmic tone), drugs, ventricular “C' receptors

E. For exanple:
1. Stimulation of the carotid sinus may induce bradycardi a,
decreased peripheral resistance, reduce BP and cause syncope

2. Stimulation of the upper respiratory tract, G tract, eyes, or
skel etal muscles may i nduce a vagal response and therefore cause
bradycardi a, decreased peripheral resistance, reduced BP and al so
cause syncope

V. DESCRI PTI ONS OF SOVE OF THE TYPES OF SYNCOPE

A. Vasovagal syncope (al so known as vasodepressor syncope

neur ocar di ogeni ¢ syncope, neurally nediated syncope, a sinple faint and
ventricul ar syncope). This is the nost conmon cause of fainting in

chil dren and adol escents. Has an abrupt onset of system c hypotension
(the vasodepressor response) when sitting or nost often when standing,
foll owed by bradycardia with a slow junctional rhythmor period of
asystole (the cardio-inhibitory response). Sone patients mani fest nore
of one of these responses than the other. A prodrome nay occur - see the
next section. The period of unconsciousness is usually brief, <1 mn.
Pallor prior to the event may be noted. May be avoided if the person
assumes a Trendel enberg or supine position. Headache or fatigue may
occur after the event.
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B. Pallid infantile syncope (al so known as anoxic reflexive seizure,
vagal attack, white breath holding spell or pallid breath hol ding
spell). This is one of two types of breath hol ding attacks.

1. Cyanotic breath holding attacks. These begin with an event that is
distressing to the child such as being frustrated, scared, angry such
as with tenper tantrums, or in pain. The event is usually unexpected,
the child cries vigorously, gasps, ceases breathing, becones

cyanotic and | oses consciousness. |If the apnea was | ong enough a

sei zure may be provoked. Ages 1 week to 6 years, but npbst common in
the 16-24 nonth age range.

2. Pallid infantile syncope is |less conmon than cyanotic breath

hol ding attacks. It also is precipitated by stress or unexpected
pain. A few seconds after the triggering event the child falls
limply. Crying, pallor or sweating nmay or nay not precede the |oss of
consci ousness. Seizures may also be provoked but are rare. Usually
there is no cyanosis or breath holding. Ages 3 nps. to 14 years.

C. Situational syncope. Fainting here occurs in specific circunstances
such as during micturition, swallow ng cold fluids, defecation, blood
drawi ng, or coughi ng. Vagally nedi at ed.

D. Tachyarrhythm as - SVT, long QT syndrome etc. Syncope in the long QT
syndrome is caused by paroxysmal episodes of VT often in a pol ynorphic
pattern called “torsades de pointes”. Sudden death may ensue. My occur
during sudden exertion, after a startle response froma |oud noise or
fright, or after an enotional upset. When the patient is in sinus rhythm
the QT may be only mldly prolonged therefore a high index of suspicion

i s needed.

E. Bradyarrhythm as. Syncope from heart block is nore conmmon in children
post-op from cardi ac surgery (even when years earlier) or with a prior

hi story of |esser degrees of heart block. Children with a history of

VSD, Tetral ogy, or double outlet right ventricle repairs are at

i ncreased risk. Syncope from bradyarrhythm as al so may occur in any
child with structural heart disease or in neonates born to nothers with
| upus.

F. Neurol ogi c causes - seizures may be confused with syncope and vice
versa. Usually syncope manifests nausea, pallor, or sweating (vasovagal)
whil e sei zures may show cyanosis of the face (not pallor), frothing of
the nouth, tongue biting, postictal sleepiness, and nore prol onged
unconsci ousness (> 5 nmin.). The setting in which the spell occurred, the
famly history, and the patient’s nmenory of feeling “faint” may help

di stinguish the majority of cases.

G Psychol ogi cal causes - hysteric faints are unassociated with
decreased BP, decreased HR, or pallor. They may occur in the supine
position. Fluttering of the eyes behind half-closed eyelids may be

not ed. Hyperventilation syncope is believed to be the result of cerebra
vasoconstriction fromself induced hypocapnia. Frequent synptons are
tachypnea, anxiety, and breathl essness, blurred vision and

I i ght headedness.
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V. MANAGEMENT APPROACH:

A. HI STORY: Details of the history are particularly useful to evaluate
the cause of syncope. Up to 25% of children who die suddenly had a prior
syncopal episode. Syncope that occurs with exercise, occurs in an
athlete, is recurrent, or that occurs in a patient with a positive
famly history of syncope, sudden death, or cardi onyopathy shoul d be

cl osely eval uat ed.

1. Age - gives clues to the nobst common etiol ogi es

a. Syncope in an infant should al ways be aggressively

i nvestigated. Myocardial tunors, outflow obstructions,
myocarditis, cardi omyopathies, long QI syndrone, and seizures are
all possible.

b. Syncope in adol escents may be caused by IHSS, mtral valve
prol apse, coronary artery abnornelities, pulnonary hypertension
aneni a, preghancy, psychol ogi cal problens, or drug abuse. The
nost conmon cause of syncope in adol escents is vasovagal syncope
or orthostatic hypotension

c. Any age may suffer from dysrhythm as, sick sinus syndronme, AV
bl ock, seizures, electrolyte inbalances, volune depletion
hypoxi a or hypogl ycem a

2. Fanmily history:

a. Be especially aggressive in evaluating patients with a
positive FH of cardi omyopathy, “enlarged hearts”, sudden deat h,
syncope associ ated with exercise, recurrent syncope, deafness, or
syncope occurring in trained athletes. Al of these patients
shoul d be eval uated by a cardi ol ogi st as they constitute

hi gh-ri sk subgroups

3. Did a prodronme occur ? What was the patients position ?

a. Vasovagal syncope occurs while standing or sonetines

while sitting, but is virtually unheard of in the supine or prone
positions. It often (but not always) is associated with the
follow ng prodrone. This prodronme is NOT the same as the aura
perceived by sone patients with seizures or mnigraines.

PRODROVE | N VASOVAGAL SYNCOPE

Psychophysi ol ogi ¢ Factors Si gns/ Synpt ons
Hunger Pal | or or clamry skin
Fati gue Sweat i ng
Il ness Dilated pupils
Hot, hum d or crowded room Bl urred vision, visual gray-out
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Pai n Nausea or epigastric distress*
Anxi et y* Li ght headedness™*
Percei ved threat™ Di zzi ness*
Si ght of bl ood Weakness
Ti ght col |l ar Sensation of warnth

* may occur in seizure patients as wel

b. Syncope that occurred after a startle reaction such as after a
| oud noise, may indicate long QI syndrome or pallid infantile
syncope.

4. Is a witness available ? Was there focal neurologic activity ?
I ncontinence ? How |l ong did the patient remain unconscious ? What was
the quality of the recovery ?

a. An abrupt | oss of consciousness suggests epil epsy or a cardiac
el ectrical disturbance. Sone patients with cardiac eti ol ogies for
syncopal epi sodes nay show focal or generalized neurol ogic
activity as well !

b. Pallor that persists and cyanosis may be seen with
dysrhyt hm as.

c. Prol onged unconsci ousness suggests severe left or right
ventricul ar outflow tract obstruction

d. If upon regaining consciousness the patient shows dinnished
al ertness, abnornmal tone or notor movenents, slurred speech,

i npai red nenory, sore nuscles or focal neurologic deficits a
sei zure di sorder should be suspected.

5. Certain questions help clarify the etiology of syncopal episodes.

a. Affirmative answers to the follow ng questions suggest
psychiatric causes for the syncope. This may be unassociated with
cerebral hypoperfusion.

1. Was the patient recunbent at the tinme ?

2. Was there any odd behavior prior to the episode ? -
hyperventilation or hallucinations ?

6. Ask about the past nedical history. Was this the first episode ?
Remenber that recurrent syncope requires careful evaluation. Is there
known: heart, kidney, lung, or liver disease ? |Is there a history of
a nmetabolic disorder ? Diabetes ? Thyroid disease ? CNS di sease ? Use
of nedications ? Fever ? Enptional stress or fatigue ?

7. Was the child coughing ? Laryngeal syncope is a paroxysnal
neurosi s characterized by attacks of coughing with unusual sensations
such as tickling in the throat foll owed by | oss of consciousness.
Severe coughi ng which | eads to syncope is also seen with situationa
syncope which is probably vagally nediated. Situational syncope is
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al so seen with straining during micturition, swallow ng hard,
swal l owi ng cold fluids, and defecation.

8. For fenmmles of the appropriate age: have they nmissed their periods
(pregnancy) or had heavy nenses (anenia) ?

9. WAs the patient exercising ? This is very inportant to ask

a. Vasovagal syncope is rarely associated with exercise. Sudden
death in the high-risk groups previously nentioned is provoked by
exerci se. Exercise devel ops the cardi ovascul ar systemand is
associated with increased vagal tone and | ower resting heart
rates. Athletes may have first degree AV bl ock or Wenckebach
(Mobitz 1) block which may be benign. Progression to higher order
bl ocks is rare unless there is underlying heart disease. Sone
athl etes do show progression which usually resol ves upon

di scontinuation of the training. Ohers, however, may continue to
maeni f est bradycardi a and have true sinus node dysfunction
Athletes with resting heart rates < 40 BPM di zzi ness, recurrent
syncope, or a near-m ss sudden death experience may require
pacenekers.

b. Exercise nodul ates autononic discharge. It increases
catechol anmine | evels and may lead to nyocardial irritability and
dysrhythm as - {exercise-associ ated (catechol am ne sensitive) VT}

c. Patients with mitral valve prolapse may have dysrhythmas with
exerci se and sudden death. They also are at risk for
cerebrovascul ar ischem ¢ epi sodes, bacterial endocarditis and
resulting cerebral enboli

d. Children with a long QT syndronme may devel op ventricul ar
dysrhythm as with exercise or enotional excitenment which triggers
aut onom ¢ nervous system i nbal ances. They may require b-bl ockers
or left stellate ganglion ablation

e. Exercise induced syncope may occur in patients with |HSS
anomal ous coronary arteries, or primary pul nonary hypertension

10. Pal pitations before syncope are sonetines associated with
tachyarrhyt hm as or hyperventilation syncope.

B. PHYSI CAL EXAM NATI ON

1. Begin with a conpl ete physical exam nation and full set of vita
signs. Include a neasurenent of the BP while supine, sitting, and
standing. A child with acute volune depletion froma G disturbance,
bl ood | oss, dehydration, or with autonom ¢ dysfunction (true
orthostatic hypotension) may have a > 20 nm Hg decrease in the
systolic BP or an abnormal increase in the HR upon standing.
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2. Pulses - quality of all pulses including the carotids ?
3. Pallor ?

4. Masses in the ears, nose, throat, abdonen ?

5. Bruits ?

6. Location of apical inmpulse ?

7. Heart nurrmurs or extra sounds ? Changes in heart sounds upon
standi ng ( decreasing venous return) or squatting (increasing venous
return) ?

8. Focal neurologic findings ?
9. Mental status ?
10. Possibility of pregnancy ?

11. Ocul ar conpression or vagal maneuvers should only be perforned
wi th cardiol ogy input.

12. To check the autononic nervous system

a. Subnerge a hand in cold water for several nminutes. Normally
the BP increases.

b. Ask the patient to Valsalva, i.e. grunt or bear down.

Normal Iy the BP increases, followed by a mild decrease then a
prom nent increase with slowing of the HR Do not performthis in
pregnant patients or those placed at risk fromincreased
intracranial pressure.

c. Patients with abnornal autonom ¢ nervous systens will not
increase their BP with cold water hand i nmersion. They will
decrease their BP then increase their BP but not have a change in
HR with the Val sal va naneuver. These findi ngs suggest primary
dysfunction of their autonom c nervous systens such as occurs
with Riley-Day syndrone and nmay suffer repeated syncopal episodes
fromorthostatic hypotension. Children with Ri|ley-Day syndrone
are usually recognized in infancy with other manifestations such
as chronic aspiration from poorly coordinated swal | owi ng,
excessi ve salivation, sweating, decreased tear formation, labile
hypert ensi on, and di m ni shed pain sensation

C. LABS / TESTS:
1. ECG continuous nonitoring while evaluating the patient

2. CBC and differentia
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3. Lytes, HCO3", BUN, creat, glucose and dextrostix, calcium
phosphorus, magnesium Cal cul ate the ani on gap

4. |If indicated: ABG pregnancy test, tox. screen, drug |levels

5. Echocardi ography if a cardiac etiology is suspected, syncope is
recurrent of an undetermned origin, in an athlete, or with a
positive famly history of cardi omyopathy, sudden death, or high risk
factor

6. EEGif a neurologic basis is suspected, or syncope is recurrent of
an undetermnined origin

7. Holter nmonitor/ telenmetry in athletes, child with suspected heart
di sease, recurrent syncope of an undetermined origin, or dysrhythm a

8. O hers: electrophysiology studies, tilt testing, exercise stress
testing, cardiac catheterizations are per cardiology. CNS inmagi ng
studies (MRI, CT, etc.) per neurology or if CNS etiology is
suspect ed.

D. TREATMENT - depends on the type of syncope. CPR training nmay be
required by parents or other famly menbers especially if the patient
has a type of syncope placing themat high risk for sudden death. For
vasovagal syncope, the patient should Iie dowmn with their feet el evated
if the prodrone occurs. (Usually adol escents balk at this until you tel
themthat this will be | ess enbarrassing than a full faint.) Avoidance
of the situations which cause the syncopal episode is inmportant. Certain
athletes may need to restrict training. For orthostatic hypotension, a
more gradual shift fromlying down to sitting or standi ng may hel p.
Cardi ac syncope will be treated by the cardiologists and may require
drugs, pacenmmkers, ablation procedures, ganglionectonies, or surgery.
Drugs have been used for many types of syncope including recurrent
vasovagal syncope, and cardi ac syncope. Naturally, if anem a

el ectrol yte inbal ance, hypovol enmi a, hypogl ycem a, or other easily
treatabl e cause is found, the treatnent will be replacenment of the
deficient factor and an investigation as to why the condition devel oped.

E. RESTRI CTI ONS:
1. Protect the child and those around them

2. Sports may have to be limted in athletes or in cases of heart
di sease to curtail syncopal episodes.

3. Driving, clinbing, operating machinery, sw nm ng, crossing streets
unai ded and ot her potentially dangerous activities may have to be
restricted depending on the etiology for the syncope.

F. FOLLOAUP:

1. Required if the syncope is recurrent or in a high risk category.
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2. May need neurol ogy, or psychiatry consults as applicable.

3. The potential for a poor outconme is highest if a cardiac etiology
is found. These children need especially careful re-evaluation
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TRANSFUSI ON REACTI ONS AND BLOOD COVMPONENT THERAPY

Transfusi on Conplications
A.  Henolytic transfusion reactions
1. Signal Synptons:

Anxi ety

Red or black urine, flank pain

Nausea, vomiting, pain, cheat tightness, headache
Chills, shaking

Fever

Shock with subsequent renal and other end organ failure

T D® QO O T QD

B. Non-Henolytic transfusion reactions

1. Allergic: urticaria, pruritus, flushing, rarely angi oedena or
anaphyl axi s

2. Isolated Fever/ Infection- fever, headache, hypotension, flushing,
emesi s, diarrhea

3. Circulatory overload: hypertension, sx of CHF

4. Air Enbolus: shortness of breath, chest pain, anxiety

5. Hypotherm a chills, |ow tenperature, irregular heart rhythm possible
cardi ac arrest.

6. Hyperkal em a: nausea, diarrhea, nuscul ar weakness, paralysis,

extremty paresthesias, bradycardia, apprehension, arrest.

Aci dosi s

Depl etion of clotting factors: bl eeding synptons

9. Hypocal cem a: myocl onus, tetany

c N

Tr eat nent

A. STOP TRANSFUSI ON | MVEDI ATELY:
1. Assess and treat from evidence of shock, observe urine for
col or change
2. Gve 0.9% NaCL through IV at rapid rate (1-2X maint)for 1-2 hr
3. Consi der oxygen
4. Treat synptons ( Tyl enol, Benadryl, epinephrine)
5. Verify correct product was given
6.
t

Laboratory eval uation (suspected henolytic reaction, or if
ransfusion is discontinued.)

B. Henol ytic Reaction: assume if henogl obinuria, shock, or clerica
error identified, treat ASAP
1. Gve mannitol 0.25 grans/kg IV to force diuresis, Desired UOP
after mannitol:
a. Infant: 10 cc/hr
b. Child < 20 kg: 40 cc/hr
c. Child > 20 kg: 60 to 100 cc/hr
2. G ve NaHCO; 3 nmeq/ kg/ 12 hours, to urine to pH > 7
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3. Begin treatnment for acute renal failure. IV rate should match
urine output and insensible |osses.

C. Febrile Reactions:
1. Defined as 2 degrees Fahrenheit increase during transfusion
2. Adnminister tylenol (not aspirin or NSAID s to patients with
t hronbocyt openi a.)
3. Discontinue transfusion, then Lab evaluation with cul tures.
4, Start antibiotics in neutropenic patients, and other patients
at risk.

D. Allergic reactions:
1. Treat mld urticaria or pruritis with benadryl 1 ng/kg IV or po
2. Can restart after 15-20 min if mld synptons, alleviated with
nmeds
3. Anaphyl axi s: Adm ni ster epinephrine, discontinue transfusion,
| ab eval uati on.

E. Rigors
1. Especially problematic, nobst commn platelet reaction in
patients repeatedly transfused
2. Assune this could be a henolytic reaction or infected bl ood
conponent
3. Treat as above for fever.

F. Circul atory overl oad:
1. Place child upright with feet in dependent position. Lasix 1
ng/ kg | V.
2. Start O2
3. Consi der PEEP, pressors etc

111 Laboratory eval uation

A. Required by bl ood bank: (new products will not be released until the
transfusion wu is conpl eted)
1. Red top: 5 to 10 cc of patient blood
4. The bl ood bag, unused donor bl ood and transfusion set up. (a
repeat crossmatched is perforned)
5. Uine: A UA is done for henogl obin
6. Purple top: A CBC is done

B. Consi der doing:

1. PT/PTT, fibrinogen.

2. Serum and urine henpgl obi n.

3. Bilirubin (Total/Direct) . If the reaction is henolytic, the
indirect bilirubin often rises in the first few hours and is
usual ly normal by 24 hours.

4. |If sepsis is suspected, get blood cultures fromboth the patient
and the donor bl ood.

IV Preventi on of Transfusion Reactions
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Bl ood products nust be conpl eted before expiration (4 hours-PRBC s, 1
hr- Pl atel ets)

Most | ethal transfusion errors occur because of human clerical error.

1. Verify patient identification.

2. Verify correct bl ood product.

3. ldentifying donor and recipient blood types before transfusion is
begun.

Transfuse blood slowy for the first 15 to 20 m nutes. Soneone shoul d
remain with the patient during this tine to nonitor for acute
transfusi on reaction.

Al | ergi ¢ Reacti ons:
1. Premed future transfusions: Benadryl (0.5-1ng/kg), consider
Sol unmedr ol (1ng/ kQ)

Febril e Reactions

1. May give acetamnm nophen for prophyl axis.

2. Leukocyte-poor (leuko-depleted) platelets are less likely to cause
reaction.

Ri gors
1. For patients with repeated history: plasma renoval and/or prened
wi th Solumedrol (1ng/kg)

Circulatory Overl oad

1. Transfuse blood slowWy (max 5cc/ kg/ hr for routine transfusion, max
lcc/ kg/ hr for chronic Hb <5b)

2. Consider ordering a “split pack”, which is a half unit and giving
over 2 four hour aliquots.

3. Platelets are given rapidly, be cognizant of vol unes

4. Platelet volunes ea. randomunit = 50 cc( “6-Pack”= 300cc),
(pheresis unit = 300-400 cc)

Air Enboli:

1. May occur when blood is transfused under pressure.

2. Normalize pressure before container is enpty when infusing with
pressure cuff.

2. Clear tubing of air by aspirating air with syringe at nearest Y
connect or. If air is observed in tubing, disconnect tubing and
allow blood to flow until air has escaped.

Hypot herm a:

1. Fromrapid infusion of refrigerated bl ood

2. Must use bl ood warnmer (PICU and NICU only) if anticipated >
20cc/ kg PRBC over 12 hours

3. Never use m crowave oven

Hyper kal em a

1. Use washed PRBCs or fresh blood if patient is at risk
2. Observed with massive transfusions, exchange transfusions or
patients with renal insufficiency.
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V.

Sel ection of Therapeutic Bl ood Conponents

A

Vol e bl ood

1. Fresh whole blood is unavail able

2. Blood can be reconstituted to a desired Hct using FFP or saline by
t he bl ood bank only, on request. (i.e. prinmng pheresis or ECMO
circuit)

3. Blood reconstituted in FFP can be used in treating synptomatic
| arge volume deficits.

4. Practical use in trauma: PRBCs are run cc/cc with NS. Renmember to
give FFP if approaching one blood vol une transfusion

Packed red bl ood cells (PRBCs)
1. Most commonly used form of RBCs.
2. Indications: synptomatic anem a
3. Criteria for transfusion varies (preprinted orders have
i nstitutional recomendati ons)
a. A henoglobin level of 8 g/dL is not a hard and fast indication
for transfusion.
b. Dose is usually 10 m/kg. Round to the nearest unit (approx
380cc) or consider ordering a split pack
c. If patient has |ong-standing severe anemia it is safer to give
only I/ (Hgb in g/dL)/kg.
For exanple: if a patient with iron deficiency anenm a has a
henmogl obin of only 5 g/dL and wei ghs 20kg, give: InL X5 X 20 =
100cc.

Leukopoor RBC s (| eukocyte filter)

1. This is not the sane as the particulate filter that is within the
i nfusi on tubing.

2. Generally recommended in patients who will receive repeated
transf usi ons

3. WII reduce chances of CW infection if donor is CW positive

4. Alnmost all peds patients ( transplants, chronic illnesses,
i nfants, cancer, sickle)

CW negative RBC 's

1. Used in CW negative patients who are transpl ant candi dates.

2. Also used in neonates and ECMO candi dat es.

3. Leukofilter may come to substitute for CW testing in the near
future.

4. No proof that CW- blood is necessary in a Patient who is + for
cw

I rradi ated Bl ood products

1. Inactives T-cells to block a GVH response

2. Al imunoconproni sed patients (including all neonates)
3. Al “fresh” products, ( ie not FFP)

Granul ocyt es /WBCs

1. Rarely used due to severe transfusion reactions due to |eukocyte
anti gens.
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2. Used only for severe infections in patients with prol onged
neut r openi a.

Fresh frozen pl asna FFP)—See chapter on coagul opat hi es.
Cryopreci pitate—See chapter on coagul opat hi es.

Random donor pl atel ets—See chapter on coagul opat hi es.

1. Pheresis platelets-Indicated if nmultiple units of platelets are
expected to be given or if alloinmnizati on has occurred.

2. One pheresis unit equals approximately 4 random donor units.

Factor VIII concentrate (anti-henophilic factor) and Porcine factor

VII1 concentrate—See chapter on coagul opathi es.

Pr ot hronbi n conpl ex concentrate (factor | X conplex) and Activated

prot hronbi n conpl ex concentrate—See chapter on coagul opat hi es.

M Donor Directed Bl ood donation

1. This service is available to patients on request ( Autol ogous and
al | ogeneic).
Requi res m ni num of 3 busi ness days to arrange
3. There are very few autol ogous indications in pediatrics
4. Be advised that infectious risks are dramatically increased
a. Potential donors are not usually as educated as the random
vol unteer donor pool regarding infectious risks
b. potential donors are relatively coerced on the behalf of the
ill patient
c. potential donors may not be frank especially with fanmly
menbers about behavioral risks

N
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TRAUMA

| nt roducti on:

A. Trauma is the | eading cause of death and disability in the pediatric
age group. While principles of resuscitation for trauna are the sane as
for nontraumatic pediatric patients, sone aspects of the stabilization
phase are unique to the trauma setting. This chapter does NOT take the
pl ace of the Advanced Trauma Life Support class (ATLS). Its’ purpose is
to expose the pediatric resident to fundanental concepts of traunma care.
The information in this chapter is taken primarily fromthe ATLS and

PALS cour ses.

B. Atrinodal distribution of death frominjuries occurs. The first peak
of death is within mnutes of the injury. Deaths during this tine are
usually due to l|acerations of the brain, brain stem higher spinal cord,
heart or great vessels. The second peak occurs within mnutes to severa
hours of the injury. This is the period that ATLS focuses upon. Deaths
here occur secondary to subdural or epidural hematonas,

henmopneunot horaces, a ruptured spleen, liver lacerations, pelvic
fractures and/ or nultiple injuries with significant blood |oss. The
third death peak occurs several days to weeks after the initial injury.
These deaths are usually secondary to sepsis, nmultiple system organ
failure (MSOF), or unrecoverable pul nonary injury.

C. The child with nultisystemtrauma may have both cardiorespiratory
failure and shock. A rapid cardiopul nonary system eval uati on nust be
performed as well as a rapid thoracoabdom nal exami nation to detect life
threatening chest or abdominal injuries which may interfere with a
successful resuscitation. For instance, ventilation, oxygen and
perfusion therapies may be ineffective until a tension pneunothorax is
treat ed.

D. Basic ATLS concepts include:
1. Treat the greatest threat to life first.

2. The lack of a definitive diagnosis should never inpede the
application of an indicated treatnent.

3. A detailed history is not an essential prerequisite to begin
eval uating an acutely injured patient.

E. Inproper resuscitation has been identified as a major cause of
preventabl e pediatric death. Commopn errors in resuscitation include
failure to:

1. Open and nmintain the airway.

2. Provide appropriate and adequate fluid resuscitation to head
i njured children.

3. Recogni ze and treat internal henorrhage.
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F. A qualified surgeon should be involved ASAP in the resuscitation

G Achild with a pediatric trauma score of 8 or |less or
a child with a revised trauma score of 11 or |ess should be transported
to a pediatric trauma center. (see follow ng tables)

PEDI ATRI C TRAUMA SCORE

Coded val ue
Pati ent characteristics + 2 + 1 -1
Wei ght (kg) > 20 10 - 20 < 10
Ai rway Nor mal Mai nt ai ned Unnai nt ai ned
Systolic BP (nm Hg) > 90 50 - 90 < 50
Central nervous system Awake bt unded Conma
Open wound None M nor Maj or
Skel etal trauma None Cl osed Open, multiple
REVI SED TRAUVA SCORE
d asgow Coma Systolic Bl ood Respiratory Rate Coded
Scal e Score * Pressure (mm Hg) (breaths/ mn) Val ue
13 - 15 > 89 10 - 29 4
9 - 12 76 - 89 > 29 3
6 - 8 50 - 75 6 - 9 2
4 - 5 1 - 49 1-5 1
3 0 0 0
* d asgow Coma Scales (GCS) are in the Neurol ogi c Assessnent, chapter.

H At WHMC, pediatric trauma patients are primarily managed by a trauna
team Usually our pediatric surgeons head these teans. W assist in the
initial stabilization of the patient but remain under the prinmary

gui dance of the trauma team The pediatric dept. PICU team consults on
all of these patients and facilitates fluid, electrolyte, and
ventilation managenment. We al so of fer suggestions concerning other

probl ems or organ system nmanagenent.

General approach to the trauna patient

A. Trauma patients should be taken to the cl osest appropriate facility.
Once triaged, the patient is assessed and assigned a treatnment priority
which is based on their injuries, stability, and the injury nmechani sm

B. The Primary Survey is performed next to identify and sinultaneously
manage |ife threatening conditions. (ABC s plus D and E)

Ai rway mai ntenance with cervical spine contro

Breat hing and ventilation

Circulation with henorrhage contro

Di sability: neurologic status

Exposure/ Environmental control: conpletely undress the
patient, but prevent hypothern a

mooOw>»
I

1. Airway - assess for signs of airway obstruction such as foreign
bodi es or facial, mandibular, or tracheal/ |aryngeal fractures.
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Cervical spine protection nust be insured (use chin lift/ jaw
thrust). Do not hyperextend, hyperflex, or rotate the cervica
spine. Cervical imobilization should be achieved.

2. Breathing - auscultation, percussion, inspection, and pal pation
shoul d be perforned to assess for tension pneunothoraces, flai
chest, pul nonary contusi ons, open pneunothoraces, fractured ribs
etc.

3. Circulation with henorrhage control - hypotension after trauma
shoul d be considered as hypovolemic in origin until proven

ot herwi se. Level of consciousness if reduced, nmay be from cerebra
hypoper fusi on. Skin color especially if ashen gray or white are

si gns of hypovol em a. Rapid, thready pul ses are early signs of
hypovol em a. Rapid external blood | oss should be managed initially
by direct manual pressure on the wound. Pneunmatic splints may al so
| essen henorrhage. Tourniquets should not be used as they crush

ti ssue and cause distal ischem a.

4. Disability - (Neurologic evaluation) - the “AVvPU’ nethod is
used to assess the |l evel of consciousness, and pupillary size and
reacti veness. The d asgow Coma Scale (GCS) may be performed in
lieu of the AVPU. The CGCS is al ways perforned in the Secondary
Survey.

A= Aert

V = responds to Verbal stinuli

P = responds only to Painful stinuli

U = Unresponsive

a. An altered |l evel of consciousness should pronpt an

i medi ate reeval uati on of oxygenation, ventilation, and
perfusion. If these are adequate assune trauma is the
etiology for the decreased |l evel of consciousness. Al coho
or drugs may also do this but are a diagnosis of exclusion
in the trauma patient.

5. Exposure/ Environnental control - conpletely undress the
patient but protect them from hypotherm a. Warm bl ankets, warned
IV fluids, conchas for ventilators and a warm environnment nust be
provi ded.

C. Resuscitation:

1. The airway nust be protected and nmintained at all tines.
Nasopharyngeal airways may be used in conscious patients.

2. Patients with conpromi sed airways, those with ventilatory
probl ems or who are unconsci ous shoul d be endotracheal ly

i ntubated. If oral or nasal intubation is contraindicated a
surgeon shoul d place a surgical airway. (decision tree follows)

3. Oxygen should be given to all trauma patients. ABG s should be
freely used.
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4. A nminimumof 2 large bore Vs should be placed. Renenber if an
IV cannot be placed pronptly, place an intraosseous (10O catheter
especially in patients < 6 years old (described in pediatric
resuscitation chapter). If patient is in severe shock go directly
to an 10 Do NOT use an 10 in a fractured bone.

5. Al patients should receive a Type and crossnatch, CBC, UA
baseline el ectrolytes and an anyl ase. Fenales of child bearing age
shoul d receive a pregnancy test.

6. If colloid is needed, and Type specific blood is not

i medi ately avail able, then O neg. blood nmay be used. Shock shoul d
be assuned to be hypovolenmc in origin and should be treated
aggressively with fluids rather than pressors, steroids or bicarb

7. Continuous ECG nonitoring nust be used.

a. Dysrhythm as, tachycardia, A-fib, PVC s, and ST segnent
changes may all indicate cardiac contusion.

b. EMD may indicate cardi ac tanponade, tension
pneunot hor ax, profound hypovol enmi a, severe acidosis,
pul monary enbol i sm pneunoperi cardi um hypoxem a
hyperkal em a, tricyclic antidepressants, Beta-bl ockers,
Cal ci um channel bl ockers, and hypothermn a

c. Bradycardia, premature beats or aberrant conduction
patterns may indicate hypoxia, hypotherm a, or hypoperfusion

8. Urinary catheters should be placed unless urethral transection
or injury is suspected. Contraindications to placing a foley are:
1) blood at the urethral neatus, 2) blood is in the scrotum or
3) the prostate is high riding or cannot be pal pated. Therefore,
an exam of the genitalia and rectumis required prior to urinary
catheter insertion.

9. Gastric tubes should be placed to reduce stonmach distention
and decrease the risk of aspiration. If the cribiformplate is
fractured or suspected to be fractured, the gastric tube should
be placed orally or through a properly placed nasopharyngea
airway to prevent intracranial passage. Such a fracture may be
suspected in patients with otorrhea, rhinorrhea, Battle' s sign
henot ypanum or raccoon eyes. However, sonetines these findings
do not appear until hours after the injury.

10. The followi ng X-rays are always obtained: 1) lateral C-spine,
2) AP chest, and 3) AP pelvis filnms. Later, conplete radi ographs
of the neck and other areas, CI's etc. should be obtained.

D. The Secondary Survey:

1. The secondary survey begins once the primary survey (ABC s) is
conpl eted, resuscitati on has commenced and the patient’s ABC s have
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been reassessed. The secondary survey is a head-to-toe eval uation
including a full set of vital signs, and conplete history and

physi cal examination. A conplete neurologic evaluation and the GCS
X-rays, labs and peritoneal |avage (if indicated) are performed here.

2. The history should be conplete especially for the nechanisns of
the injury, and whether it was blunt or penetrating. The “AMPLE"
menoni ¢ is useful.

= Allergies
= Medi cations
Past illnesses

Last neal tine
Events/ Environment related to the injury

m— o>
Il

a. A history in blunt trauma such as from autonobile collisions,
falls, etc. should include questions concerning seat belt use,

i nfant car seat use, steering wheel deformations, the direction
of the inpact, damage to the vehicle, speed of the vehicle,
nortalities associated with the accident, |oss of consciousness,
and whether the patient was ejected or not.

b. A history in penetrating traunma such as from firearns,

st abbi ngs, or frominpaling objects should address the region of
the body injured, the velocity of the mssile, caliber of the
bullet, trajectory, and the distance from weapon to wounded.

c. Histories should include exposure to burns, cold injuries,
toxi n exposure, chem cal exposure, radiation exposure, duration
of any such exposure, and extraction tine fromthe vehicle.

Speci fic consi derations:

A. Airway - the airway must frequently be assessed for patency and
adequacy of ventilation. Failure to heed this advice is one of the nost
conmon reasons for failure in trauma eval uati on and resuscitation
Oxygen shoul d be freely used.

1. Adefinitive airway is necessary for: apnea, inability to protect
the airway with other nmeans, to protect the lower airway from
aspiration of blood or vom tus, when potential or inpending
conprom se of the airway may occur such as with facial fractures,

i nhal ational injuries, or sustained seizures, for patients with

cl osed head trauma requiring hyperventilation, for failure to
mai nt ai n adequat e oxygenati on by other nmeans, and for GCS's < 9.

2. The follow ng decision tree hel ps determni ne airway
appropri ateness for apneic patients in whoma cervical spine injury
is suspected. A surgeon will performa cricothyroidotony if needed.

| MMEDI ATE NEED FOR DEFI NI TI VE Al RWAY

Unconsci ous patient with blunt trauma
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Suspected cervical spine injury

Oxygenat e and ventilate while maintaining cervical spine immopbilization
(chin lift, jaw thrust)

Apnei ¢ Br eat hi ng
Orotracheal intubation Nasotracheal or orotrachea
with in-line manual i ntubation with in-line nanua
cervical immbilization cervical immbilization

Severe maxill o-
facial injury

Inability to
i ntubate

Unabl e Unabl e

Sur gi cal ai rway
B. Shock - this is covered in the G bleed, newborn and pediatric
resuscitation chapters so will only be touched on here. Renenber, shock
shoul d be assuned to be hypovolenmic in origin and should be treated
aggressively with fluids rather than pressors, steroids or bicarb

This is because alnpst all shock fromtrauma is hypovolenmc in origin.
Neur ogeni ¢ shock and cardi ogeni c shock are rare in pediatric trauna
patients. Specifics concerning trauma are:

1. Pneumatic Antishock Garnment (PASG - this raises systolic
pressure by increasing peripheral vascul ar resistance and
myocardi al afterload. Not used in pediatric trauma

pati ents unless an unstable pelvic fracture is present.

a. Indications:

(1). Splinting and control of pelvis fractures with
conti nui ng henorrhage and hypot ensi on.

(2). Intra-abdom nal trauma with severe hypovol em a
only in patients en route to the OR or another
facility.

b. Contraindications:
(1). Pul nmonary edema

(2). Known di aphragmatic rupture
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(3). Uncontrolled henorrhage outside the confines of
t he garnment

(4). If inflation of the garnent causes an increase in
respiratory rate or increased respiratory distress it
nmust be defl ated regardl ess of BP. Assune a

di aphragmati c rupture.

C. Abdom nal traumm

1. At VWHMC abdomi nal trauma patients always get a CT scan unl ess
going inmediately to the OR for a celiotony.

a. CT scan indications include:
(1). Abdoninal distention

(2). Abdonminal findings such as: tenderness, nasses,
or inability to assess the abdomen such as in a
unconsci ous pati ent

b. Pediatric CT scans are done with enteral, IV and recta
contrast. The dose for pediatric patients foll ows.

(1). Oal contrast is dilute gastrograffin (4 cc’s in
8 0z. of water). The oral dose of this mxture is 10
cc/ kg.

(2). 1V contrast is 1 cc/pound of weight of non-ionic
contrast. This is usually given as a bolus in < 1
m nut e.

(3). Rectal contrast is dilute gastrograffin (4 cc’'s
in 8 oz. of water). This is given via a pediatric
rectal tube and is delivered via gravity by hanging a
bag above the CT table. The exact dose is per the
radi ol ogi st

2. Diagnostic Peritoneal Lavage (DPL), rarely used in pediatric
pati ents because nost intra-abdom nal injuries, even if they cause
bl eedi ng, are nonitored expectantly without surgical intervention
Additionally, CT scans can be obtained relatively quickly.

Hower, if a pt is being taken to the OR for another indication
and a CT is not practical, DPL may have a role in pediatric
trauna.

a. May be 98 % sensitive for intraperitoneal bleeding.

b. The abdonen nmay sequester |arge anounts of blood w thout
appeari ng abnormal .

c. The only absolute contraindication for a DPL is an
al ready existing indication for celiotony (exploration).
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d. Relative contraindications include: previous abdom na
operations, norbid obesity, advanced cirrhosis, or pre-
exi sting coagul opathy. Use in pregnancy is controversi al

e. A positive DPL, and therefore, need for surgical
intervention is indicated by:

(1). 100, 000 RBC s/ ms (controversial in children)

v

500 WBC s/ nm?

\

(2).
(3). Bacteria on gramstain
(4). Fecal materia
3. Indications for celiotony
a. Hypotension with evidence of abdominal injury (i.e.
gunshot or stab wounds, blunt traunma with gross bl ood on
DPL)
b. Peritonitis - early or subsequent
c. Recurrent hypotension despite adequate resuscitation
d. Extraluminal air

e. Injured di aphragm

f. Intraperitoneal perforation of the urinary bl adder on
cystography.

g. A positive contrast study of the upper or |lower G
tracts.

h. Persistent anylase el evation with abdom nal findings.

D. Head traumm

1. Approximately 50% of all trauma deaths are associated with head
injury.

2. Anatony - 5 tissue |ayers cover the skull bone. “SCALP"
a. Skin
b. subCutaneous tissue

c. gal ea Aponeurotica
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d. Loose areolar tissue
e. Periosteum

- the loose areolar tissue is subject to subgal ea
hemat omas, scal ping injuries, and large flaps frominjury

- due to the generous bl ood supply, a laceration may result
in a major blood | oss, especially in children

3. Skull - conprised of the cranial vault (calvariunm) and the
base. The base is irregular and rough therefore allowing injury to
occur as the brain nmoves within the skull during accel eration and
decel erati on.

4. Meninges - the tough dura adheres to the internal surface of
the skull. A potential space under it (the subdural space) exists
before you encounter the arachnoid. Henorrhage can occur into this
space, usually fromtrauma to veins (bridging veins) that traverse
the space and cause a subdural hematona. Meningeal arteries lie
between the dura and the internal surface of the skull (epidura
space). Laceration of these arteries causes an epi dural henatona.
Under the arachnoid is the pia which firnly attaches to the brain
cortex. Between the arachnoid and the pia is the subarachnoid
space where CSF circul ates. Henorrhage into this space causes a
subar achnoi d henorrhage.

5. The brain is conprised of the right and left cerebra

hem spheres with the I eft usually dom nant and controlling

| anguage, frontal |obe (enmptions, notor function), occipetal |obe
(vision), parietal |obe (sensory function), tenporal |obe (nmenory,
may be relatively silent on the right side), cerebellum and brain
stem

6. An alteration of consciousness is the hallnmark of brain injury.

7. Examination is based on the “AVPU" mmenonic and a mini-
neur ol ogi ¢ exam (GCS, assessnent of pupillary function and
assessnment for any lateralized extrenmty weakness).

a. GCs - if
- if
- if
- if
- if

8 the patient is considered conatose

8 patient is not in conma

8 the patient has a severe head injury

- 12 the patient has a noderate head injury
12 the patient has a minor head injury

V O|A VIA

b. Adifference in pupil diameters of > 1 mmis abnormal.

c. Adelay in onset of novenent to a painful stinmuli, |ess
novenent than expected, or need for nore stinulus on one
side is significant. A lateralized weakness suggests an
intracrani al mass | esion.
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d. A patient has a severe head injury irrespective of the
GCs if any of the followi ng conditions are present:

(1). Unequal pupils
(2). Unequal notor exam nation

(3). An open head injury with | eaking CSF or exposed
brain tissue

(4). Neurologic deterioration (a decrease in the GCS
by > 2 points)

(5). Depressed skull fracture

e. |If headache increases, pupil size increases, or weakness
devel ops on one side then the neurologic status may be
deteriorating !! The initial neurologic evaluation is only
t he begi nni ng. Exans nust be repeated

f. Patients with significant |oss of consciousness or the
above findings get an i medi ate head CT wi thout contrast.
Dependi ng on the neurol ogi c eval uation these patients nmay be
admitted to the PICU for observation and frequent neuro
checks. The treatnment of increased intracranial pressure is
di scussed in its chapter

8. Types of head injury

a. Skull fracture - common, nay not be associated with
severe injury, higher likelihood the patient will have
intracrani al hematoma exists with skull frx., therefore al
patients require a neurosurgical consult

(1). Linear, nondepressed frx. - if lies across
vascul ar arterial grooves or suture lines it should
rai se the suspicion of epidural henorrhage

(2). Depressed skull frx. - requires elevation

(3). Open skull frx. - durais torn, requires early
surgical intervention

(4). Basal skull frx. - otorrhea, rhinorrhea
eccynosis in mastoid region (Battle s sign),

henot ypanum raccoon eyes (periorbital eccynpses) are
all associated with cribiformplate frx’s.

b. Diffuse brain injuries - associated with accel eration/
decel eration injuries

(1). Concussion - brief |oss of neurologic function,

confusion, amesia, or a tenporary |oss of
consci ousness may be present. Observation is required
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in the PICU

(2). Diffuse axonal injury - prolonged coma (days -
weeks), nortality is up to 33% results in microscopic
damage scattered wi dely throughout the brain, does not
require surgery

c. Focal injuries - contusions, henorrhages, henatonas

(1). Contusion - may be single or nmultiple, small or
| arge, associated with severe concussi ons, coup/
contrecoup forms, commnly in frontal or tenpora
| obes, edema may result

(2). Intracranial henorrhages
(a). Meningeal henorrhage

((1)). Acute epidural henorrhage - usually
froma tear in the dural arteries
especially the mddl e neningeal artery,
rapidly fatal, associated with a |oss of
consci ousness, intervening lucid period,
then a secondary depression of

consci ousness, and devel opnent of a

hem paresis on the opposite side, and
sonmetines a fixed and dilated pupil on the
sanme side (Hall mark sign)

((2)). Acute subdural henorrhage - al so
life threatening and nore commn than

epi durals, usually due to a rupture of

bri dgi ng vei ns between the cortex and the
dur a

((3)). Subarachnoi d henorrhage - bl oody
CSF associated with photophobi a, headache
b. Brain henorrhages and | acerations

((1)). Intracerebral henatonas

((2)). Inpalement injuries - leave the
object in place until a neurosurgeon
arrives

((3)). Bullet wounds

E. Spine and spinal cord trauma (BEWARE OF spinal cord injury without
radi ographi ¢ abnormality (SCIWORA). See bel ow under pedi atric nuances.

1. A vertebral columm injury should be presuned and total spina
i mmobilization of the entire patient should be maintained unti
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screening X-rays are obtained and fractures or fracture-
di sl ocations are excluded for any patient:

a. Wth an injury above the clavicle or
b. Wth a head injury resulting in an unconscious state

Cc. This is especially true if the injury resulted from high
speed vehicl es

2. Conscious patients can usually identify pain at the injury site
and will have a | oss of sensation below this |evel.

3. Unconscious patients may have the follow ng clinical signs
suggesting a cervical cord injury:

a. Flaccid areflexia - especially with a flaccid recta
sphi ncter

b. Di aphragmatic breathing
c. Ability to flex but not extend the el bow
d. Gimaces to pain above, but not below the clavicle

e. Hypotension with bradycardi a especially wi thout
hypovol em a

f. Priapism

4. Neurol ogic assessnent - 3 spinal cord tracts may be assessed
clinically (all are paired tracts which may be singly or dually
i nj ured)

a. Corticospinal tract (posterolateral aspect of cord) -
controls notor power on the sane side of the body. Tested by
vol untary nuscle contraction or involuntary responses to

pai nful stinuli.

b. Spinothalanm c tract (anterol ateral aspect of cord) -
transmts pain and tenperature from opposite side of body.
Test by pinch or pin-prick.

c. Posterior colums - carry proprioceptive inpulses from
the sane side of the body. Tested by position sense of
fingers and toes or tuning fork vibration.

5. Neurogenic shock results frominpairment of the descendi ng
synpat heti c pathways in the spinal cord. This |leads to |oss of
vasonotor tone and | oss of synpathetic innervation of the heart.
The patient is vasodilated and hypotensive w thout hypovol em a but
may not beconme tachycardic and may even be bradycardic. Pressors
usually help maintain the BP. Once again, neurogenic shock is rare
so trauma patients in shock are treated as hypovolenmic initially.
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6. Spinal shock occurs soon after the spinal cord injury. Function
may not be apparent although all areas are not permanently
destroyed and only tinme will denonstrate return of function. You
see flaccidity and | oss of reflexes.

I'V. Pediatric Trauma Nuances
A. Nearly 22,000,000 children are injured in the U S. A each year.

B. Encounters with notor vehicles (as an occupant, pedestrian, or
cyclist) account for the largest fatally injured group followed by
dr owni ngs, house fires, and honicide.

C. Multisysteminjury is the rule rather than the exception

D. The order and priorities of pediatric trauma nmanagenment are the sane
for injured children as adults, however, their unique anatomc
characteristics deserve special consideration:

1. Because of snaller body mass, energy fromlinear forces
(fenders, bunpers, falls) results in greater force applied per
unit body area. Children have less fat, |ess elastic connective
ti ssue, and close proximty of organs which | eads to nore

nmul ti system organ injuries.

2. The skeleton is inconpletely calcified and is nore pliable.

I nternal organs may be danaged without evidence of overlying bone
fractures. |If bones are broken assune a massive ampunt of energy
nmust have been appli ed.

3. The body surface area to volune ratio is highest at birth so
hypot hermi a may devel op qui ckly.

4. The child' s ability to interact and cooperate with care-givers
is limted maki ng history and physical exaninations difficult.

5. Shock resuscitation fluids are LR or NS, with 20 cc/ kg bol uses.

6. Solid abdomi nal organ injuries (spleen, liver) in a pediatric
patient may be observed in the PICU with bedrest and frequent HCT
checks rather than taken directly to the OR as with adults.

E. Airway:

1. The smaller the child, the greater is the disproportion between
the size of the cranium and mi df ace. This produces a greater
propensity for the posterior pharyngeal area to buckle as the
relatively |l arge occiput forces passive flexion of the c-spine. To
prevent this assune a “sniffing” position, while maintaining
c-spi ne control
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2. Visualization of the larynx may be difficult as the soft
ti ssues (tongue, tonsils) are large conpared to the oral cavity.

3. The larynx is nmore antero-caudal and is naturally shorter so
ri ght mai nstemintubations occur nore easily.

4. Orotracheal intubation under direct visualization while

mai ntai ning c-spine inmobilization is the preferred nethod of
establishing airway control, especially in children 8 years of age
or younger.

F. Chest trauma:

1. The child s chest wall is very conpliant which allows for the
transfer of energy to intrathoracic soft tissues, frequently
wi t hout any evidence of external chest wall injury. Consequently,

pul monary contusi ons and intrapul nonary henorrhages are comonly
seen.

2. Mobility of nmediastinal structures nmakes the child nore
sensitive to tension pneunothoraces and flail segnents.

G Head traumm:

H. Spi

1. Children are particularly susceptible to the secondary effects
of brain injury which are produced by hypoxia, hypotension,

sei zures and hypertherm a. Shock resuscitation and avoi dance of
hypoxia is critically inportant to a good outcone.

2. Young children with open fontanelles and nmobile cranial suture
lines are nore tolerant of expanding intracranial mass |esions.
They may not deconpensate until the mass | esion has becone |arge.
A bul ging fontanelle or suture diastases should pronpt

neur osurgi cal eval uati on.

nal cord injury:

1. Children may sustain spinal cord injury w thout radi ographic
abnormality (SCIWORA). Nornal spine X-rays do not excl ude
significant spinal cord injury !l This is due to the pediatric
spi ne being so much nore elastic and nobile than the adult spine.
The interspinous liganments and joint capsules are nore flexible,
the facet joints are flatter, and the relatively | arge head all ows
for nore angul ar nomentumto be generated during flexion and
extension, resulting in greater energy transfer. Spina

precauti ons nmust be maintai ned (Phil adel phia c-spine collar and

I ogrolling for exam nations).

2. Neurosurgical evaluation should be obtained if there is any
doubt that a spinal cord injury exists.

| . Abdom nal trauma: Doses of contrast for pediatric abdomnal CT's are
listed in the previous abdomi nal trauma section
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J. Shock:

1. Henorrhagi c shock nmay be classified based on systemc
signs as listed in the follow ng table:

Henor rhagi ¢ Shock Cl assification

Cl ass | Class || Class |11 Class |V
Degree of
henorr hage very mld mld noder at e severe
Bl ood vol une
| oss <15 % 15 - 25 % 26 - 39 % > 40 %
Car di ovascul ar signi ficant severe

HR normal or

Tachycardi a

tachycardi a

tachycardi a

mlidy -‘d, peri pheral t hr eady t hr eady CENTRAL
normal pul ses, pul ses nmay be peri pheral pul ses,
nor mal BP ~*d, normal BP pul ses, ‘d BP significantly
~‘d BP
pH nor nal nor nal net abol i ¢ significant
aci dosi s aci dosi s
Respiratory RR nor nal t achypnea noder at e severe tachypnea
t achypnea
CNS irritable, irritable,
slightly anxious confused, or | ethargic, or | et hargic
conbati ve di mi ni shed pain coma
response
Skin cool coo
warm pi nk, extremties, extremties, cold
capillary refill | nottled, del ayed nottled or extremties
bri sk cap. refill pal | or, pal l or or
prol onged cap. cyanosi s
refill
Ki dneys oliguria,
normal urine i ncreased oliguria, anuria
out put specific gravity i ncreased BUN

From

t he ATLS manua
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